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1.0  lyiRccucnow 

1.1  BACKC3R0UND 

The  navigable  waterways  of  the  United  States  have  played  a  vital  role  in  the 
naticais  ecx»iciiiic  growth  throu^  the  years.  In  order  to  fvilfill  its  mission 
to  maintain,  improve  and  e}q>and  these  waterways,  the  Corps  of  Engineers  must 
dredge  and  dispose  of  large  quantities  of  sediment  each  year.  The  quantity 
of  dredged  materials  averages  about  290  million  cubic  m  annually 
(Francingues  1985).  The  disposal  of  these  materials  in  an  environmentally 
acceptable  manner  is  cxie  of  the  first  priorities  in  any  dredged  material 
management  strategy. 

The  disposal  alternatives  for  uncontaminated  dredged  materials  include  open 
water  disposal,  ctxifined  (upland)  disposal  or  alternate  beneficial  uses  of 
the  dredged  material.  The  use  of  cill  three  alternatives  is  oaisidered  the 
best  long-term  nanagement  strategy  when  develcped  in  concert  with  other 
federal,  state  and  local  agencies. 

In  rec«Tt  years,  increased  utilization  of  lands  in  coastal  areas  for 
recreational,  industrial,  military  and  energy  develcpments  has  resulted  in  a 
tremendous  demand  for  lands  located  in  adjacent  coastal  areas.  At  the  same 
time,  existing  dredged  material  disposal  sites  are  reaching  their 
capacities.  Thus,  vhile  the  amount  of  dredged  material  requiring  proper 
disposal  is  increasing,  the  aveiilability  of  siiitable  upland  sites  is 
declining.  As  a  result,  opei-water  disposal  is  the  most  cost  effective 
strategy  in  many  ooeistal  situaticais.  In  order  to  minimize  the  envircximaTtal 
iirpacts  of  such  a  strategy,  alternate  techniques  of  open-water  disposal  need 
to  be  investigated. 

One  such  method,  called  "thin-layer”  disposal,  has  been  identified  as  a 
possibly  favorable  open-water  dredged  material  disposal  technique  from  both 
the  economic  euid  ecological  viewpoints.  This  method  involves  the  controlled 
dispersion  of  dredged  materiad.  over  a  large  area  of  water  bottom  which 
reduces  the  bathymetric  and  hydrologic  impacts  to  the  system  and  thus 
minimizes  impacts  on  biological  resources.  It  is  assumed  that  recovery  from 
such  a  disposed  technique  would  be  rapid  since  the  disposal  would  resemble 
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natural  seasonal  or  other  periodic  events  such  as  storms,  firing  freshets, 
frcxrtal  passages  and  hurricanes  that  disturt)  the  benthic  environment  and 
move  sediments. 

Ihis  final  report  presents  the  findings  of  investigations  on  a  thin-layer 
disposal  cperaticn  at  Gulfport  Hartxsr,  Mississippi  during  25-26  December 
1986  and  the  physical,  chemical  and  biological  oonditiOTS  in  the  disposeil 
area  both  before  and  v?)  to  52  weeks  after  the  disposal  c^jeraticais.  Ihe 
results  of  this  study,  along  with  the  results  of  a  similar  study  at  Fowl 
River  Alabama,  will  provide  information  useful  in  determining  the  advantages 
and  disadvantages  of  this  disposal  technique. 

1.2  CBJECnVES  OF  TOE  SIUDY 

The  objectives  of  this  study  were  to  monitor  the  physical,  chemical  and 
biological  changes  that  occurred  as  a  result  of  the  dispos^d.  activities  and 
assess  the  ispacts  of  these  changes  on  biological,  resources  in  the  disposad 
area  (Figure  1.1-1).  To  aKxxnplish  these  objectives  required  the 
integration  of  several  techniques  ocnraonly  used  in  various  disciplines  of 
environmental  sciences. 


In  arder  to  beocne  an  acceptable  method  for  dredged  material  disposal, 
many  questions  must  necessaurily  be  answered.  These  include  questions  on 
1)  the  physical  irpacts  of  the  disposed  operation  and  the  effectiveness  of 
the  dredging  system  in  atchieving  the  desired  "thin-layer"  effect;  2)  changes 
in  water  quadity  daring  the  dredge  materiad  di^nsal  operation;  3)  inpact  to 
the  bottom  duelling  ocnnunlty  by  the  dredge  disposal  perturbation;  and  4) 
the  effect  on  the  fisheries  resources  in  the  viciriity  of  the  disposal 
operation.  Specificadly,  this  cxntract  was  to  (a)  measure  and  characterize 
di.«posal-induced  suspended  sediment  fields  as  oonpared  to  ambient 
conditions;  (b)  assess  changes  in  sediment  characteristics  resulting  from 
thin-layer  diaposal ;  (c)  evaluate  the  effectiveness  of  the  particular  dredge 
plant  used  in  attaining  a  uniform  "thin-layer"  overburden;  (d)  determine  the 
areal  esctent  of  overburden  and  chzuiges  in  distribution  of  di^xssed  material 
through  time;  (e)  determine  the  persistence  of  the  overburden  through  time; 
(f)  assess  the  inpacts  of  difposal  on  the  benthos;  (g)  establish  the  rate 
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FIGURE  1.1-1.  GULFPORT  HARBOR  STUDY  AREA 
(Adapted  from  COE,  Mobile  District) 


cind  method  of  recovery  of  the  baithoG  to  pre-project  coiditicns;  and  (h) 
determine  whether  or  not  vrtillzation  by  fisheries  resources  differs  in  the 
dii^xssal  area  as  compared  to  surrounding  reference  areas  (U.S.  COE  1986). 
Bathymetric  surveys  were  ocxiducted  both  before  and  after  dredging  operations 
to  quantify  the  change  in  sediment  d^jth  and  the  areal  extent  of  coverage. 
This  information  vas  used  to  evaluate  the  efficiency  of  the  thin-layer 
disposal  methodology  by  directly  measuring  the  extent  of  the  overburden  and 
observing  the  changes  in  the  overburden  materieds  over  time. 

Anhient  water  quality  conditims  were  determined  during  a  predisposal  survey 
ccxiducted  two  weeks  prior  to  the  dredging  cperation.  A  second  water  quality 
survey  was  planned  during  the  dredging  operations  but  was  not  ccnpleted  due 
to  several  difficulties.  These  difficulties  included  1)  an  underestimate  of 
the  amount  of  time  required  for  the  dredging  activities  to  be  ccnpleted,  25 
hours  2K±ual  vs.  72  hours  estimated;  2)  poor  cotmunication  between  dredge 
operator  and  contractor  before  dredging  ocnmenoed;  and  3)  laxdc  of 
oonnunication  with  the  dredger  and  contractor  during  Christmas  day. 

Changes  in  the  resident  benthic  macroinfauna  ocmnunity  eure  often  used  to 
assess  the  inpacts  associated  with  exivironmental  perturbations.  Because  of 
their  short  lifespan  and  their  relatively  sessile  nature,  the  organisms 
vhich  make  up  this  ocmnunity  are  a  good  indicator  of  the  integrated  changes 
in  the  physical,  chemical  eind  biological  environment  over  a  period  of  one  to 
several  wedcs.  Thus,  studies  investigating  the  impact  of  the  dredging 
operations  on  this  oomnunity  were  performed.  ^»cifically,  sampling 
programs  for  this  project  were  designed  to  determine  1)  how  is  the  benthic 
ocmnunity  impacted  both  qualitatively  and  quantitatively;  2)  hew  long  does 
recovery  take;  and  3)  what  portion  of  benthic  oomnunity  recovery  is  due  to 
ipward  migration  of  the  esdsting  organisms  and  what  portion  was  due  to 
recniitment  of  juvenile  organisms  by  post-larval  settling  front  the  plankton 
and  recnlonization  front  adjacent  undisturbed  areas.  The  role  these 
interaction  plays  in  system  recovery  will  thereby  be  eveduated. 

In  order  to  insure  that  the  macroinfauna  infauna  oomnunity  sampling 
adequately  detected  impacts  frem  the  dredge  operations,  two  sampling 
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stxategies  were  vised.  Itie  first  utilized  the  classical  technique  vAiicii 
consisted  of  dividing  the  study  area  into  3  areas  (  1)  a  reference  area 
surrounding  the  site  to  receive  the  dredged  material,  2)  the  area  actually 
used  for  the  disposal  and  3)  an  area  intermediate  to  the  disposed  and 
reference  area  referred  to  eis  the  fringe  area)  and  taking  an  equal  number  of 
replicate  cores  (8)  at  two  randcmly  selected  staticxis  within  each  sanpling 
area.  The  second  technique  consisted  of  placing  a  fixed  grid  of  60  stations 
vhich  were  ooctpied  for  each  predisposed  and  post-disposed  sanpling  event. 
Ooinpariscn  of  the  techniques  provided  insist  into  the  adequacy  of  the 
sampling  methodologies  for  detecting  impacts  due  from  disposal  operations. 

Vertical  sedimait  profiling,  the  technique  of  taking  cross-secticaTed  in-situ 
images  of  sediroait  layers  can  provide  the  best  quantitative  data  on  the 
success  of  the  thin-layer  disposal  c^seration  at  meeting  the  design  criterion 
of  a  nomined  6-12  inches  of  dredged  materied  thickness.  The  sedimait 
profile  camera  is  capable  of  profiling  a  maximan  of  approodmately  8"  (20  cm) 
of  sediment  and  can  detect  layering  of  sediments  on  the  order  of 
millimeters,  therday  providing  a  highly  detailed  record  of  the  dredge 
overburden.  Application  of  this  technique  to  the  disposal  operation  at 
Gulfport  Harbor  has  provided  detailed  information  on  the  extent  and  coverage 
of  the  eperation. 

Fisheries  studies  were  conducted  to  assess  the  changes  in  the  utilization  of 
the  of  the  disposad  area  by  fisheries  resources.  Fish  data  adso  provide  a 
useful  ocraparison  to  benthic  macroinfauna  since  fishes  eure  a  hi^ily  motile 
and  conparatively  transient  part  of  the  faunal  oonnunity  utilizing  the  study 
area.  This  assessment  enconpassed  both  the  vertdorate  and  invertelxate 
Aamprsal  organisms,  as  collected  in  trawl  samples,  and  was  used  to  determine 
the  impact  of  the  operation  on  this  valuable  rescurce. 

Each  of  the  separate  objectives  has  provided  useful  data  that  may  be  used  to 
evaluate  the  environmentzd  impacts  associated  with  open-water  thin-layer 
disposal.  As  a  whole,  they  provide  a  conprdifinsive  picture  of  the  overall 
effects  and  integrated  changes  of  the  physiced,  chemical  and  biological 
eispects  of  the  Gulfport  Harbor  disposal  site. 
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2.0  MEmODOLOGY 

2.1  PHYSICAL/CHEMICAL  EUVIRONMENr 

2.1.1  Bathymetry  Surveys 

Bathymetric  surveys  were  conducted  both  before  and  eifter  dredged  material 
disposal  operations  to  quantify  the  rise  in  sediment  depth  and  areal  extent 
of  sediment  deposition.  These  data  were  used  to  evcduate  the  efficiency  of 
the  thin-layer  disposed  methodology.  In  addition,  results  of  the 
bathymetric  surv^^  were  used  to  evaluate  changes  observed  in  the  coininunity 
structure  of  both  benthic  macroinvertebrates  and  fishes  in  the  disposal  and 
fringe  areas. 

Bathymetric  surveys  were  conducted  in  the  disposal  ,  fringe  and  reference 
areas  of  the  Gulfport  Ship  Channel  c^jen  water  disposal  site  (see 
Figure  2.1-1).  Sounding  lines  were  placed  at  100-foot  (ft)  intervals 
oriented  in  a  northwest-to-southeast  directicxi,  extending  into  the  reference 
areas.  Five  perpendicular  lines  were  run  to  check  the  accuracy  of  depth 
data.  Depth  measuresnents  were  takai  at  25-ft  intervals. 

A  total  of  four  bathymetry  surveys  were  conducted:  one  p^edispos^d  survey 
2  weeks  prior  to  initiation  of  dredging  and  three  post-disposal  surveys  2, 

6,  and  20  weeks  after  termination  of  dredging.  Water  depths  were  measured 
with  a  Raytheon  Model  DE-719B  fathoroeber.  The  DE-719B  is  a  survey^-grade 
fathoneter  cz^eble  of  operating  in  d^sths  between  2  eind  410  ft.  Given  the 
depth  of  the  study  area  (9  to  11  ft) ,  the  DE-719B  was  accurate  to  within 
■^/-Q.2  ft.  The  fathcnieter  was  cedibrated  at  the  beginning  of  each  day,  as 
well  as  periodically  thereafter  as  needed.  The  calibration  was  acxxxiplished 
with  a  graduated  sounding  line  equipped  with  an  acxxxstic  target.  The 
fathometer  was  equipped  with  a  narrow^3eam  transducer,  tide  and  draft 
adjustment,  and  speed-of-sound  co^mnsation  to  ensure  accurate  measurements 
with  high  resolution. 

A  Del  Norte  Model  202^4S20  TTisponder  Itavigation  System  (DIMS)  was  used  to 
continuously  determine  the  boat's  position  during  each  survey.  DIMS  is  a 
microwave  positioning  system  that  is  accurate  to  system  uses 

triangulaticn  position  fixes  based  on  distances  from  two  (or  more)  shcre- 
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Figure  2.1-1 

LOCATION  OF  BATHYMETRIC  SURVEY  AREA 


based  reference  statlois.  A  txTtal  of  three  shore-based  reference  stations 
were  used  during  surveys  at  the  Gulfport  Ship  Channel  Study  Site.  Because 
this  stuc^  required  not  only  precise  depth  reeidings  but  precise  position 
information  as  well,  each  of  the  shore-based  reference  stations  was  located 
at  a  benchitark  with  known  horizontal  control.  Since  precise  transect  lines 
were  eilso  required  for  this  study,  the  DINS  was  interfaced  with  an 
Autoceirta  real-time  positioning  and  recording  systam.  The  Autocaurta 
system  ccnsisted  of  a  microooepjter,  helmsman  left/ri^t  display,  data 
tenainal,  and  magnetic  te^  data  recorder.  Both  the  fathometer  and  Del 
Norte  navigation  system  were  interfaced  with  the  Autoceurta  system  to 
provide  oonpletely  automated  data  collection.  Iteing  this  system,  the 
transect  grid  was  preprogranmed  prior  to  the  first  survey.  The  vessel 
operator  then  followed  the  pre-established  grid  lines  using  the  helmsman's 
left/ri^t  display,  ensuring  the  transect  lines  were  spaced  properly  at  100- 
ft  intervals. 

Position  fixes,  d^jth,  and  real  time  were  automatically  recorded  on  magnetic 
tape  by  the  Autocarta  system.  Data  points  consisting  of  depth,  position, 
and  real  time  were  recorded  at  25-ft  intervals  along  each  of  the  survey 
lines.  TO  allow  corapariscxi  of  one  set  of  bathymetric  data  to  another,  depth 
readings  were  referenced  to  National  Ocean  Survey  (NOS)  Mean  Low  water 
(MLW) .  Because  actual  water  levels  at  einy  given  time  are  a  function  of 
tides,  winds,  barometric  pressure,  and  other  feuotors,  the  use  of  predicted 
tides  from  the  NOS  Tide  Tables  would  be  insufficiently  accurate  for 
adjusting  recorded  depths  to  MLN.  Therefore,  a  continuous  recording  tide 
gaqe  was  instcilled  at  Gulfport  H6irbor  to  provide  site-specific  water- 
elevation  data.  A  Leipold-Stevens  Type  A  Water  Level  Recorder  was  used  to 
continuously  measure  actial  tide  data  during  the  bathymetric  surveys. 
Water-elevation  data  edso  were  obtained  from  the  Heurison  Ocunty  Civil 
Defense  Council,  located  in  Gulfport,  Mississippi.  The  Civil  Defense 
Council  operates  a  network  of  water-elevation  monitoring  stations,  with  one 
site  located  at  Gulfport  Haitxn:. 

All  bathymetric  data  were  processed  using  Ihvironmerrtol  Science  and 
Engineering,  Inc.'s  (ESE's)  automated  data  handling  system.  In  the  office. 
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data  c»nsisting  of  depth,  position,  and  time  were  transferred  from  magnetic 
tape  directly  to  a  persc»^  ooirputer.  Ihe  water  depths  were  then  adjusted 
to  MLW  based  c»i  water-level  data  collected  by  the  water-level  recorder 
located  at  Gulfport  Harbor.  This  new  data  file  was  then  transferred  to 
ESE's  Prime  750  conpiter  and  subsequently  transferred  to  the  North  East 
Regicaial  IData  Center  (NEI®C),  located  at  the  University  of  Florida,  vhere 
the  cxxTtouring  package  Surface  II  was  used  to  produce  the  bathymetric 
contours  presented  in  Secticm  3.0  of  this  report.  Areas  of  sediment 
depositioi  equal  to  or  greater  than  0.5  ft  were  measured  using  a  planimeter. 

2.1.2  Water  CXjalitv 

Whter  quality  investigaticxTs  were  conducted  to  assess  the  inpact  of  dredging 
operaticais  on  dissolved  oxygen  (DO),  salinity,  teiperature,  total  suspended 
solids  (TSS),  and  current  speed  and  direction.  Antoient  water  quality 
ccxiditicMTs  were  determined  oaxmirrent  with  the  predisposal  bathymetric 
survey  ocnducted  2  weeks  prior  to  the  initiation  of  dredging.  A  second 
water  quality  survey  was  to  be  irplemented  during  dredge  disposal 
cperaticxTs.  However,  due  to  logistical  problems,  described  in  the 
introducticai,  the  second  water  quality  survey  could  not  be  carried  out. 

Prior  to  dredging,  a  sampling  grid  ocnsisting  of  ei^t  evenly  spaced  water 
quality  stations  was  located  within  the  disposed  site  (see  Figure  2.1-2). 
DTNS  was  used  to  identify  the  exact  location  of  all  stations.  A  control 
station  was  located  2,400  ft  up  the  bay,  north  of  the  disposal  area,  with 
another  control  station  located  2,400  ft  east  of  the  disposed  area.  All 
10  stations  were  sempled  a  total  of  12  times,  6  during  etb  and  6  during 
flood  tide.  Heasurements  were  taken  at  four  depths  (5,  50,  80,  and 
95  percent  of  total  water  d^rth)  at  each  station.  DO,  specific  cCTductance, 
and  temperature  were  measured  at  eetch  of  the  four  depths  at  all  10  stations 
using  a  Hydrolab  4041  water  quality  monitor.  All  meters  were  calibrated 
acx»rding  to  manufacturers'  instructions  at  the  beginning  of  each  field  day. 
Salinity  was  later  calculated  using  specific  conductance  values  obtained  in 
the  field.  All  measurements  were  accurate  to  within  0.1  degree  Celsius  (‘c) 
for  tenperature,  0.1  parts  per  million  (ppn)  for  DO,  and  0.1  parts  per 
thousands  (ppt)  for  salinity.  Current  direction  and  velcnity  were  measured 
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using  an  ENDBCX5  110  current  meter.  Discrete  water  sanples  of 

250  milliliters  (ml)  each  were  taken  frcm  all  four  cJepths  at  each  of  the  10 

staticns.  Sanples  were  returned  to  ESE's  laboratory  in  Gainesville, 

Florida,  and  analyzed  for  TSS.  All  water  sanples  were  collected  using  a 
Jabeco  electric  diaphragm  pump  and  maintained  at  4°C  from  the  time  of  sanple 
collection  until  analysis.  A  flexible  hose  frcm  rhe  vi,ater  punp  was  attached 
to  the  Hydrolab  prctoe  housing  bo  provide  accurate  depth  measurements  for  TSS 
sanples.  All  TSS  sanples  were  analyzed  within  the  required  7-day  hoi^’ing 
time. 


2.1.3.  Vertical  Sediment  Profile  Imagery. 

Vertical  sediment  profile  imagery  was  obtained  at  each  of  the  60  fixed 
benthic  stations  and  an  additional  12  floating  stations  each  sampling 
period,  for  a  total  of  360  images  (72  staticxis  x  5  sanpling  periods). 

Within  each  treatment  area  at  2  randonly  selected  stations  3  replicate 
images  were  collected  during  each  sanpling  period  for  a  total  of  90  images 
(2  stations  x  3  areas  x  3  reps,  x  5  sanpling  periods).  A  modified  Benthos 
Model  3731  Sediment  Profiling  Camera  was  used  to  obtain  all  images  and  the 
International  Imaging  Systems  Model  75  image  processor  to  interpret  and 
analyze  the  images  (see  Table  2.1-1). 

Since  the  main  objective  of  the  Benthic  Profiling  Task  was  to  document  the 
thickness  of  placed  material  and  inpacts  of  the  disposal  operation  we  used 
both  c»lor  slide  (Kodachrome)  and  Black  and  White  (Pan-X)  film.  The  color 
film  provided  the  best  contrast  for  identifying  the  dredged  materiail 
layers,  and  eilso  the  RPD  boundary.  Ihe  image  analysis  was  dcxie  in  color 
since  the  tcxial  qualities  of  Rodachrcnie  film  far  exceed  those  of  any  black 
and  white  film,  better  matching  our  image  processing  capabilities.  The 
color  film  cilso  eillowed  for  a  nuch  more  detailed  visual  evaluation  of 
dredged  materieil  thickness  and  general  environmental  conditions.  Ihe  main 
eKiVEuitage  of  black  and  white  film  was  in  cost  of  r^moduction  of  images  for 
reports.  TAI  used  color  film  at  half  the  stations,  and  black  and  vhite  film 
at  the  other  half  of  the  stations. 

From  every  station  two  8  x  10"  positive  prints  from  black  and  white  or  two 
slide  copies  from  Kodachrome  film  were  made  au:xi  delivered  to  the  ocntracting 
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Table  2.1-1. 


Mcxlificatiais  made  to  B^ithoe  Inc.  sediment  profile 
camera. 


Modification 

Reaiscxi 

Replaced  standard  Olynpjs  50  itm 
lens  with  a  50  itm  macro  lens. 

To  improve  image  clarity, 
particularly  at  the  edges 
of  the  image. 

Placed  a  bubble  level  within  the 
prism  to  show  on  each  image. 

To  provide  a  level  reference 
point  so  surfeice  rou^mess  and 
bed  forms,  can  be  accurately 
interpreted. 

Illuminaticxi  of  the  surface 
inmediately  in  front  of  the  prism 
window  with  a  Slave  Strobe. 

To  provide  increeised  detail  of 
surfeK^e  features  near  the  prism 
windo'v. 

Mounted  a  Baithos  372  camera  and 

382  Strobe  on  the  sediment  profile 
frame  to  provide  separate  surface 
images  for  evaliiaticwi  of  surface 
features. 

Sediment  profile  images  do  not 
consistently  record  surface 
features.  If  the  prism 
penetrates  below  the  c^Jtical 
axis  of  the  camera  (a  depth  of 
about  10  on)  surface  features 
cannot  be  seen  with  any 
ocnsistency. 
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officjer.  An  additicml  <x-py  was  retained  by  the  oOTtractors  for  future 
analysis  and  interpretation.  Ihe  informatics  obtained  frc-m  sedijnent  profile 
images  was,  at  a  minimum,  all  those  parameters  listed  in  Table  2.1-2.  All 
images  from  each  sampling  period  were  processed,  interpreted,  and  an 
interpretive  interim  report  was  written  within  30  days  after  the  completion 
of  each  field  sampling  effort.  This  report,  as  a  minimum,  contained  a 
narrative  interpreting  each  of  the  parameters  measured,  tables  of  all 
measurements  made,  station  numbers  and  locations,  and  date  and  time  of 
sampling. 


E-13 


1 

( 


O 

u 

3 

• 

a 

O 

V) 

O 

bO 

•H 

»— 1 

x: 

•a 

V 

L-4 

3 

CLi 

U 

,c 

4-> 

c 

bO 

o 

c 

QC 

01 

r~  A 

4-1 

•  H 

u-f 

OJ  c 

a 

<4-4 

1^ 

<b 

JZ 

3 

0 

e 

c 

2 

0 

4-> 

c  cb 

c 

o 

o 

•H 

L-i 

4J 

VM 

•  — ^ 

(D 

•—4 

V) 

a 

>> 

c 

o  u 

o 

4-1 

o 

0) 

U  3 

QJ 

a 

u 

0) 

*3 

•H 

4-1 

01 

4J 

jC 

O  (A 

, 

> 

» 

(A 

c 

e 

?►> 

4-1 

O 

01 

TS 

U) 

•  »H 

>> 

:k 

3 

01 

(A 

•H 

C 

0) 

O 

U) 

•r4 

o 

(A 

a; 

0)  4-1 

(b 

.o 

u 

•3 

3 

(A 

u 

4-1 

£ 

lA 

o 

(/) 

u 

vt 

V) 

u 

OJ 

Xi  -H 

u 

bo 

3 

c 

o 

fb 

c 

-C  01 

4J 

0) 

^-4 

•  H 

0) 

4; 

a 

•H 

0) 

3 

bo 

lA 

•H 

OJ 

01 

a 

tb 

u 

3 

o 

bO  Xi 

U 

o 

4J 

tft 

u 

c 

v_^ 

u 

(A 

<b 

o  c 

■3 

ji 

•3 

(A 

o 

C 

a 

•  ^ 

bO 

O 

a 

u 

•H 

3 

JS 

4) 

flj 

a 

4-1  0) 

C 

4-1 

a 

CL 

3 

3 

<b  ^ 

c 

u 

Oi 

u 

« 

U) 

to 

a 

a 

c 

4J 

•H 

4J 

>r>i 

0) 

•  H 

c 

O 

L4 

•H 

a. 

■a 

o 

a 

3 

a 

a 

a 

c 

C 

-C 

►H 

o 

.3 

4-1  -H 

3 

4-1 

E 

u 

OJ 

o 

o 

(A 

c 

4-1  ‘H 

*3 

•H 

4-1 

c 

4-1 

d 

(A  3 

C 

c 

fTj 

O 

a 

u 

m 

<j 

•H 

>> 

o 

O 

o 

* 

(A 

•H 

fb 

fb 

w 

o 

u 

u 

S 

c 

CL 

U)  U 

o 

(A 

•3 

•H 

• 

3 

01 

01 

3 

«A  3 

4-1 

u 

0) 

i 

•  »H 

« 

*3 

•a 

(0 

4-1 

3 

c  fb 

bO 

C 

c 

4J 

(A 

QJ 

u 

J= 

C 

•  H  o; 

CA 

'H 

c 

4-1 

*3 

4-> 

u 

O 

4) 

*4-4 

V) 

••-4 

4>  ^ 

o 

(b 

3 

4J 

4J 

c 

(A 

01 

4J 

U 

(A 

C3 

C 

c 

o 

ua 

o 

• 

o 

OJ 

00 

•o  ‘H 

(b 

•H 

.o 

c 

(b 

01 

a  Q  3 

01 

3 

u 

•  H 

0) 

dJ 

bO 

u 

(A 

> 

c 

a 

4-1 

lA 

u 

0) 

01 

CL.  .-H 

3 

.c 

E 

<D 

U 

x: 

o 

V 

« 

•  ^ 

»-4  •  W 

4A 

•H 

u 

3 

a 

01 

3 

Xi 

3 

QC  O 

C 

a 

0) 

T3 

•  »H 

4-) 

(b 

>u 

4-) 

bO 

X 

•H  <A 

o; 

•3 

li 

4-) 

•H 

u 

Xi 

m 

> 

3 

(/) 

c 

Q 

TJ 

*3 

*3 

u 

(b 

r-H 

X 

> 

C 

4-1 

o 

3 

u 

4-1 

3 

01  c 

3 

CJ 

O 

OJ 

Urt 

u 

•  w 

o 

a 

o 

o; 

•H  C 

•  H 

o 

tb 

•  H 

0) 

01 

3 

(A 

c 

u=  0 

C 

c 

1  CL. 

bo 

l/) 

HH 

* 

0 

:k 

U4 

•r4 

4-1 

u 

CL  O 

o 

u 

(A 

-o 

4-1 

«b 

4-1  V 

<b 

XZ 

3 

• 

a 

u 

01 

3 

o 

a 

M 

4-1 

3  C 

f—t 

4-1 

0) 

01 

c 

C 

•H 

4-1 

3 

•H 

01 

01 

(b  a 

44 

*4-1 

1  3 

O 

4-1 

a 

u 

u 

o 

o 

c  a 

Xi 

a 

•H 

(b 

•»4 

bO  3 

01 

tb 

U  01 

u 

1 

<b  0 

3 

(A 

u 

3 

w  a 

01 

u 

M 

M 

CL 

o 

6 

c 

01 

01 

44  'H 

Cl 

fb 

u 

X  01 

B 

g  •*' 

4J 

•H 

01 

i 

C/1 

U  O  X 

c 

44 

01 

O  3 

»H 

■U 

9 

8  01 

e 

3 

3 

01  (b 

(b 

W 

>s 

Cl 

C 

01 

•  ^ 

Cl 

01 

>s  x:  X 

4.1 

9 

fb 

e  (A 

>.4 

01 

•H  <J 

u  > 

8 

44 

JS 

fb  4J 

CA 

lA 

iM 

41  'H 

rM  01 

a 

H  c 

fb  0 

a 

O 

bO 

4^ 

^  3 

•  •4 

0) 

(A  bO 

•H 

3 

2  <b 

44  3 

(A 

0 

c 

0) 

• 

3 

4.1 

a 

3 

9  CA 

(b 

3 

O 

a  4-1 

u  e 

9 

•-4 

01 

•H 

a 

bo 

u  » 

c 

CL* 

01 

44  U 

>^  a 

01 

x: 

(A 

3 

C 

4.4 

bo 

N 

o 

tb 

•H  0 

9 

01 

PC 

u 

01  01 

44  .4 

CO 

4J 

44  >H 

<A  9 

•«L 

b 

c 

♦•4 

u 

a 

X  >s  3 

9 

a 

9 

.a  >N 

••4 

01 

O  3 

a 

u 

fb 

4.1 

44 

•  •H 

o  .o  c 

a 

44 

lA 

(b 

CA  3 

a 

X 

4J  a 

4.1 

u 

••4 

•H 

•H 

3 

o 

(b 

44  ..H 

B  01 

o 

^  9 

C  CA 

g 

01 

bo 

CA 

01 

44  3  > 

c 

01 

01 

(A 

01  N 

00  9 

01 

3 

c 

.-4 

•  —4 

4-1 

l-H 

O  01 

•H 

(A 

CL 

a 

fb  C.1 

3  ‘H 

4-1 

<b  a 

a  u 

a 

01 

fb 

3 

u 

•-4 

3  a 

a 

O 

U  'H 

44 

U  -H 

CL 

•H 

CL 

3 

01 

44 

fb  fA 

a 

4H 

o 

44  X 

a  'H 

01  c 

3 

X 

4-1 

01 

4U 

O 

01  >  M 

3 

o 

(A 

c  o 

O  00 

>  -H 

01  44 

fb 

44 

u 

4S 

01 

U 

U  -H  u 

B 

u 

0 

^4 

O  B 

U 

C 

<  a 

fA  O 

X 

O 

< 

4-1 

3 

CL 

<  3  a 

lb 

44 

44 

lb 

o  fb 

lh  3 

i 

01 

u 

9 

(A 

lA 

<A 

fb 

01 

01 

4-1 

01 

lA 

•H 

•M 

(A 

s« 

O 

*J 

M 

01 

V) 

•H 

•H 

W 

■M 

CO 

lA 

0* 

CA 

c 

c 

4-1 

(A 

01 

01 

01 

c 

a 

c 

•M 

3 

00  3 

•  H 

Pu 

o 

lb 

(b 

PC 

(b 

•-4 

.u 

r-4 

a  -4 

44 

t  < 

c 

4J 

CO 

♦.4 

•r4 

O 

01 

44 

< 

6 

(b 

K 

K 

>, 

0 

01 

L« 

01 

*-4 

•*H 

CA 

tb 

01 

a 

4-1 

44 

00 

Q. 

<b 

CL 

(b 

44 

00 

01 

01 

01 

<b 

4-1 

01 

CA 

s 

u 

c 

•— f 

a 

44 

o 

44 

w 

o 

(b 

B 

9 

01 

O 

4-1 

o 

fb 

a* 

4 

l-H 

(A 

Oi 

01 

PC 

44 

(b 

PC 

3 

01 

U 

01 

u 

c 

01 

44 

01 

00 

o 

00 

o 

44 

o 

X 

o 

01 

N 

c 

CM 

c 

44 

o 

u 

1 

Cl 

<b 

fb 

xz 

fb 

4-1 

PC 

PC 

.e 

u 

fv| 

u 

44 

•H 

4.1 

o 

a 

u 

00 

Qt 

0) 

3 

•  »4 

• 

• 

01 

0 

01 

Q 

cn 

o 

<N 

O 

u 

1 

1 

1 

1 

1 

(b 

H 

lb 

.3 

Cl 

3 

01 

E-U 


Measurement  Method  Usefulness 


i 


(d 

<d 

•u 

m 

4J 

(d 

c 

(A 

(d 

bO 

3 

w 

lA 

u 

C 

QJ 

c 

OJ 

3 

d) 

0) 

c 

3 

QJ 

•  W 

•  H 

u 

o 

n] 

u 

0 

<d 

bO 

Xi 

u 

•  r4 

fd 

bO 

bO 

u 

Oi 

•w 

flS 

Pm 

*44 

<d 

a 

<d 

TJ 

fd 

(A 

0 

w 

s 

(A 

0^ 

44 

3 

OJ 

C 

(A 

’Q 

44 

OJ 

r“4 

c 

TJ 

u 

•o 

C 

•o 

u 

•a 

bo 

lA 

v> 

u 

q; 

3 

QJ 

0 

bO 

(A 

U 

0 

o 

C 

0) 

U-4 

0) 

o 

c 

o; 

4-1 

OJ 

'C 

c 

flj 

V) 

44 

(A 

0 

3 

3 

•  H 

u 

X 

o 

c 

u 

fd 

>s 

0 

c 

0 

•H 

(A 

V 

lA 

(A 

00 

•  eM 

44 

43 

tA 

ffl 

•H 

<d 

•H 

0 

> 

(d 

C 

lA 

x: 

U 

QJ 

> 

fd 

fd 

QJ 

m 

c 

•-H 

bo 

«3 

fl3 

c 

►H 

bo 

bfl 

•H 

c 

0 

44 

H 

0) 

U 

(d 

•H 

3 

QJ 

44 

V) 

o 

c 

4J 

o 

c 

•44 

eH 

0 

•  r4 

lA 

TJ 

0 

^4 

0 

VM 

3 

(A 

o 

•H 

u 

■H 

O 

•r4 

u 

•H 

43 

<d 

•H 

tA 

<d 

3 

u 

(A 

•H 

QJ 

V 

■u 

4^ 

•H 

o 

4-1 

4-1 

•H 

•3 

0 

O4 

tf) 

3 

• 

3 

&l 

•H 

3. 

(A 

QJ 

U 

U 

X 

c 

rt 

X 

C 

(A 

0) 

V) 

r— H 

u 

(A 

OJ 

tA 

V* 

QJ 

0 

•a 

u 

o 

« 

T5 

u 

o 

(d 

d) 

•  •4 

OJ 

0 

QJ 

C 

QJ 

OJ 

QJ 

QJ 

u 

U 

a; 

•M 

4-) 

43 

OJ 

4J 

44 

43 

•a 

0 

c 

*3 

bO 

'H 

(d 

U 

•o 

U 

XZ 

a 

4J 

1) 

4: 

4-1 

0) 

4: 

(A 

U 

•H 

3 

fd 

u 

3 

u 

44 

44 

C 

4J 

u 

C 

<TJ 

c 

44 

U 

C 

a 

^4 

3 

B 

8 

^4 

•  H 

QJ 

44 

3 

0 

—4 

a; 

•rH 

1) 

rl 

r-H 

0) 

•  H 

dJ 

<d 

c 

0 

(A 

U 

•H 

3 

lA 

W 

0 

(A 

IM 

3 

a 

cu 

:k 

XJ 

u 

3 

a 

:k 

•o 

u 

0) 

0^ 

u 

U4 

>s 

QJ 

0 

QJ 

u 

u 

c 

U 

c 

(A 

U 

U 

x: 

0 

c 

a 

x: 

U 

U 

U 

> 

•H 

U-( 

•a 

3 

tw 

3 

(A 

OJ 

0 

OJ 

44 

•H 

r*4 

a 

3. 

0 

QJ 

QJ 

•  ^ 

lA 

fO 

o 

Qj 

O 

nj 

o 

V 

u 

U 

44 

44 

0 

QJ 

QJ 

44 

44 

U 

44 

>s 

o 

c 

•H 

U 

c 

*0 

•  eH 

34 

(d 

td 

C 

c 

XZ 

44 

:x 

3 

<d 

3 

3 

XZ 

x: 

•H 

o 

s 

4= 

•H 

0 

e 

u 

•-4 

3 

fd 

0 

3 

0 

C4 

^4 

QJ 

U 

a 

c 

u 

o 

9 

c 

4J 

43 

0 

9 

73 

•H 

0^ 

4= 

B 

>. 

QJ 

u 

•  <4 

(A 

'  -M 

QJ 

o< 

s 

bO 

p 

<u 

o. 

E 

bO 

c 

•«4 

•0 

*a 

i4 

44 

B 

u 

U 

u 

*3 

•3 

QJ 

T3 

*3 

OJ 

o 

4= 

o; 

0 

>v 

0 

c 

c 

t|4 

QJ 

0 

QJ 

0) 

3 

3 

3 

u 

3 

3 

S 

u 

fO 

TD 

3 

•3 

U 

fd 

•0 

>• 

•  r4 

(d 

0 

E 

u 

> 

U 

A 

•  M 

fd 

&4 

■  -M 

fd 

3 

3 

3 

QJ 

44 

QJ 

QJ 

44 

•  4 

fd 

fi 

44 

E 

44 

fd 

(A 

<J 

QJ 

fA 

0 

* 

fd 

0 

» 

fd 

QJ 

3 

•  H 

(A 

U 

3 

i-i 

3 

QJ 

u 

3 

QJ 

3 

QJ 

X 

•-H 

fd 

3 

44 

QJ 

3 

144 

QJ 

3 

■  H 

<44 

<44 

•3 

0 

•  H 

•  eM 

U 

•4 

U 

“H 

^4 

0 

0 

X 

0 

s 

x: 

3 

-3 

3 

3 

3 

QJ 

— M 

3 

•  ^ 

■U 

u 

■14 

(A 

QJ 

44 

lA 

QJ 

fd 

QJ 

QJ 

3 

QJ 

QJ 

■H 

QJ 

3< 

QJ 

QJ 

a 

fd 

3 

Cu 

fd 

3 

QJ 

44 

44 

44 

44 

X 

QJ 

w 

bo 

>. 

QJ 

QJ 

QJ 

QJ 

u 

(d 

(d 

fd 

Id 

fd 

••4 

3 

U 

fd 

fd 

•3 

B 

(A 

3 

fi 

(A 

fd 

•H 

*  »4 

QJ 

B 

8 

a 

■44 

c 

fi 

3 

3 

u 

u 

u 

•H 

•  4 

QJ 

3 

X 

« ^ 

*<4 

» 

x: 

'4 

* 

QJ 

QJ 

fd 

44 

44 

*3 

0 

•H 

u 

•3 

U 

0 

3 

V 

0 

3 

CU 

a 

V) 

w 

QJ 

0 

a 

<44 

QJ 

fd 

> 

QJ 

fd 

> 

QJ 

V) 

(A 

3 

QJ 

V 

>S 

0 

X 

44 

QJ 

44 

3 

44 

c 

•  ^ 

U 

0 

44 

0 

3 

e-4 

3 

1-4 

3 

3 

3 

fd 

QJ 

QJ 

QJ 

QJ 

V) 

<d 

0 

u 

fd 

3 

3 

U4 

3 

<44 

3 

3 

3 

3 

> 

bo 

> 

bo 

QJ 

•3 

•H 

QJ 

QJ 

fd 

0 

0 

fd 

0 

0 

fd 

0 

QJ 

fd 

fd 

A 

•  4 

fd 

►H 

fd 

*3 

3 

X 

> 

U 

0 

CJ 

U 

44 

(A 

44 

u 

44 

u 

3 

0 

3 

fd 

f44 

QJ 

M4 

QJ 

144 

fd 

3 

3 

QJ 

fd 

QJ 

fd 

QJ 

■44 

0 

3 

0 

0 

W4 

U 

0 

w 

U 

0 

u 

QJ 

QJ 

QJ 

3 

44 

> 

44 

> 

u 

A 

fd 

U 

QJ 

fd 

QJ 

fd 

QJ 

3 

44 

44 

'4 

0 

•4 

0 

QJ 

«d 

fd 

43 

<44 

3 

XZ 

<44 

(d 

3 

3 

U 

*-4 

u 

»4 

U 

u 

ys 

'3 

■44 

QJ 

a 

u 

QJ 

fi 

u 

QJ 

s 

p-4 

3 

3 

•  4 

fd 

fd 

QJ 

0 

3 

3 

0 

u 

3 

3 

w. 

3 

3 

Ut 

3 

QJ 

0 

0 

XZ 

3 

3 

OO 

«4-l 

fd 

fd 

IH 

fd 

:z 

fA 

fd 

(A 

fd 

VS 

3 

U 

cr 

0 

3 

3 

u 

fi 

QJ 

QJ 

4-1 

• 

(d 

QJ 

(A 

(d 

>*. 

(A 

QJ 

(A 

f4 

<d 

3 

—4 

Q) 

u 

-4 

0 

^  (A 

U 

3 

<A 

•  4 

<A 

•  4 

A  *-4 

3 

QJ 

44 

X 

u 

3 

<A 

3  ^ 

44 

fd  N 

fA 

0 

•4 

•4 

3 

^  QJ 

fd 

3 

(d 

3  0 

X 

0 

f4 

x: 

QJ 

3  ^ 

<d  cu 

0 

> 

u 

•  <A 

<44  (A 

fd  QJ 

u 

cc 

3 

QJ 

QJ 

<44  >-4 

<44 

<44 

bO 

•  4 

3  •- 

<A 

QJ  ^ 

•4  •“4 

QJ 

3 

0  » 

0 

C 

fd  <A 

U  3 

CU  QJ 

3 

0 

•4 

>-* 

^  44 

0 

fd  H 

U3  Pu 

z 

<d  *4 

fd 

3 

QJ 

44  (A 

Ui 

<44 

0)  QJ 

QJ 

QJ 

QJ  (d 

U 

U  1 

1  1 

1 

1 

U  ^ 

U 

QJ 

44 

fi  eH 

3 

3 

<  w 

1 

< 

Cm 

1 

0 

W  0 

CO 

1 

W  ^ 

1 

CM  cn 

<0 

1 

t44 

bO 

1 

XZ 

•4 

Jm! 

E-15 


e 

Q 


rsj 

I 


rsi 


4) 

4) 

U 

<b 

tA 

a 

tM 

tA 

4) 

i-H 

CA 

O 

u 

4> 

U 

a 

C 

•H 

4/ 

4J  4-» 

*j 

4-1 

a 

0 

w  C 

<0 

O 

c 

4J 

m  41 

a 

•H 

4J 

•a 

4; 

B  a 

JS 

c 

> 

CA 

a 

c 

•  r4 

•V 

4-» 

4J 

a 

•H 

4-4 

u 

a 

4J  *0 

4) 

A 

U 

•H 

B 

(A  4» 

bo 

tA 

4J 

4-> 

a 

a 

bo 

Q< 

4)  <A 

•o 

4^ 

u 

4J 

a. 

0 

0 

4) 

**4 

0 

0 

•H 

a 

»-4 

X!  *0 

u 

4J 

4-» 

•H 

0 

a 

M  C 

*o 

bo 

<4-4 

B 

•H 

> 

a  flj 

c 

•a 

4) 

a 

bO 

.0 

4^ 

M 

o 

<4-1 

•H 

4^ 

a 

B 

» 

a 

V) 

U  41 

o 

w 

U 

o* 

•H 

<4-4 

4J 

N 

a 

4) 

B 

4-4 

0 

C 

M 

e 

tA 

4-» 

•p4 

4^ 

a 

• 

M 

4J  (A 

c 

o 

<4 

B 

u 

tA 

tA 

4^ 

H 

9 

•« 

•H 

•H 

V 

V 

0 

4) 

4) 

0 

U 

S 

U-l 

•H  C 

U 

a 

U 

4J 

U 

x: 

a 

0) 

> 

4» 

<4 

»H 

4-4 

CA 

3 

M 

O  <9 

>s 

U 

•a 

4; 

B 

4> 

u 

c 

a 

rs 

Ui  U 

<b 

O 

c 

u 

0 

J= 

0 

4) 

4) 

3 

di  bo 

1-3 

m 

(4 

a 

4.> 

<4^ 

X 

U 

<4-1 

o 

tA 

c 

4-4 

o 

4> 

B 

4A  C 

a 

4) 

44 

•H  J 

4) 

(4 

a 

^  a 

u  O 

> 

<4-4 

4> 

<«  c 

O 

u 

U 

<4-1  * 

a  M 

Xi 

a 

a 

0  bo 

a 

A) 

tA 

•a 

CA 

O  <4-i 

4; 

a 

I 

s  * 

u  o 

(A 

4-> 

4-» 

44 

( 

3  'O 

a  u) 

(A 

c 

(4 

a 

>4  s.— ^ 

4^ 

4^ 

V 

4J 

Q  4J 

C 

a 

C 

VM 

a  <A 

•9 

u  bo 

•H 

0 

4.>  44 

O 

M-I  <9 

o 

•a 

•H 

44  U 

J= 

a 

•H 

4; 

4; 

c 

«  a 

4-1 

•a  —4 

4J 

.e 

(A 

•a 

0 

Q.  -U 

0^ 

41 

N 

4-) 

•H 

t 

M  a 

X 

c  o 

•■H 

»— 4 

a 

U 

4/  ^ 

<»-s 

•w  *j 

tA 

4; 

«4 

4; 

a 

U  iM 

a 

u 

C 

u 

B 

t 

3 

U  4^ 

C 

a 

♦H 

a 

•H 

-4  4; 

41  bO 

U) 

bo 

.a 

bO 

•*n 

4J  (b 

<4 

<4 

•  ^ 

*a 

a 

*3  a 

4)  a 

U 

V 

u 

c 

0 

s  a 

• 

Q  -H 

bO 

X 

0 

a 

u 

4  ‘H 

•H 

lA 

u 

4> 

>s 

4; 

N 

4^ 

4J 

•H 

bo 

c 

cn 

a 

4) 

<4 

4J 

e 

e 

CO 

41 

*  -4 

u 

U 

<b 

4; 

»— 4 

:3 

u 

4.) 

a 

V) 

o 

<4 

B 

« 

X 

0 

4) 

u 

•H 

X 

c 

•O 

lA 

V 

4; 

tA 

a 

M 

44 

•M 

•a 

u 

V 

0 

4; 

u 

3 

to 

1 

o 

1 

to 

1 

1 

■ 

1 

6 

E-16 


i 

I 


2.2.0  BIOLOGICAL  RESOURCES 
2.2.1  Boithic  Macroinfauna 

The  outocine  of  any  technical  investigatiai  is  limited  ty  its  initial 
design.  In  environmental  moiitoring  studies,  such  as  the  subject  of  this 
report,  the  statisticcil  design  selected  at  the  beginning  of  the  project 
will  determine  the  resoluticxi  of  the  analyses  ultimately  performed  on  the 
data.  Sane  knowledge  of  the  variability  of  each  of  the  parameters  studied 
must  be  known  in  order  to  select  the  appreciate  sairpling  frequency  and  the 
prec^^  number  of  replicates.  Further  discussion  is  provided  at  the  aid  of 
this  section. 

Benthic  macroinfauna  samples  were  taken  from  60  fixed  stations  located 
within  the  COE  designated  sanpling  area  (Figure  2.2-1).  Since  it  was 
criticcil  that  the  relationship  between  the  sediment  profile  photos  described 
in  the  sediment  profiling  secticsi  below  and  the  benthic  macroinvertebrate 
samples  cA^tained  be  precisely  delimited,  cLll  benthic  samples  were  located 
in  a  manner  that  allowed  for  subsequent  statistical  analysis  between  the 
macroinfauna  and  the  sediment  profile  images.  One  oax«m  was  the  physical 
impact  the  '',aiipling  would  have  on  the  bottom.  For  example,  deployment  of 
the  sediment  profile  unit  disturbed  approximately  25  square  feet  of  bottom. 
Both  the  macroinvert^arate  sampling  and  the  sediment  profile  sampling 
impacted  the  eurea,  and  this  impact  may  have  been  detectable  in  subsequent 
samplings  if  precautions  were  not  taken.  In  order  to  avoid  the  inclusion  of 
sampling  artifacts  in  the  data,  the  following  sampling  procedure  was 
implemented.  A  fixed  site  was  designated  as  an  eirea  of  6  x  6  meters  (36  mt^) 
with  a  fixed  coiter.  One  sample  was  taken  with  a  box  core  sampler  with  a 
.25  square  meter  coverage  at  each  station  as  fixed  by  the  Del  Norte  range 
finder  system.  Only  one  replicate  was  taken  at  the  sixty  fixed  statiois. 
Each  sample  was  thai  gently  sieved  with  a  bucket  oontciining  500  micron  mesh 
screening. 

In  ckdditioi  to  the  fixed  sampling  described  above,  a  random  sampling  for 
benthos  vias  edso  performed.  During  each  sampling  period,  ei^t  box  core 
samples  were  taken  at  each  of  2  randomly  selected  stations  with  each 
sampling  strata  (dispo62d,  fringe  and  reference  areas). 
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Hie  samples  were  relaxed  in  the  field  by  cooling  the  sieved  samples  dcwr.  co 
4°  C.  ipon  return  frcro  a  days  sampling  effort,  the  organisms  and  associated 
detritus  were  preserved  in  a  10  percent  seawater-buffered  formalin-rose 
bengal  soluticmi.  Ihis  method  has  proven  to  be  most  effective  in  preventing 
organism  fragmentation. 

In  the  laboratory,  initial  separation  of  preserved-staineci  organisms  was 
accojtplished  using  a  lighted  magnifying  lens.  This  was  followed  by 
separation  into  size  classes  by  gently  washing  the  organisms  throu^  a 
series  of  stacked  sieves  of  6.5,  3.5,  2.0,  1.0  and  0.5  mm  mesh  sizes. 

Samples  then  underwent  a  fined  sorting  into  major  phylogenetic  grotpings 
before  taxcaTomic  identificaticxi  was  begun. 

Identificaticmi  of  the  fauna  vas  to  lowest  practical  taxonomic  level,  usually 
to  the  species  level,  and  was  done,  prior  to  weighing,  on  every  wet  weight 
biomass  fraction.  Voucher  specimens  were  then  sent  to  appropriate  taxOTcmic 
referees.  Upen  oonpletion  of  all  primary  and  secondary  identifications, 
samples  will  be  returned  to  the  U.S.  Amy  Corps  of  Engineers  for  preper 
disposition. 

All  macroinfauna  were  divided  into  major  taxonomic  groips,  within  their 
respective  size  classes,  and  weicfied  for  wet  wei<^t  biomass  after  processing 
for  taxonomic  identificaticxi  was  ocnpleted.  Since  the  arganisms  hetd  been 
stored  in  edoohol  prior  to  anedysis,  some  osmotic  dehydration  of  the 
orgetnisms  was  eipected,  and  was  considered  to  result  in  a  constant  negative 
error  in  the  wet  wei^ts  as  oonpared  to  living  tissue.  All  organisms  were 
removed  from  their  storage  vieds  and  blotted  dry  with  filter  peper  prior  to 
weighing,  ^lecial  care  was  takisi  to  ensure  that  samples  were  not  damaged  by 
handling  and  desiccation  eiqx^sure  during  the  weiching  process.  All  weights 
were  determined  with  a  Mettler  model  AE163  analytical  balance  with  a 
readability  of  0.01  mg  and  a  reproductibility  of  +/“  0*02  mg.  All 
measurements  were  recorded  to  5  significant  decimal  places.  All  weights 
were  ooBibined  for  reporting  purposes  and  averaged  over  the  entire  sampling 
strata. 
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In  addlticxi  to  the  previous  analyses,  the  presence  and  possible  intsact  of 
recruitment  was  etddressed.  Ihe  use  of  a  0.5  mm  sieve  carmot  adequately 
follow  the  early  recruitment  events  of  the  settling  of  post-larval  fauna. 

To  better  understftnd  recruitment  patterns  between  treatment  areeis,  a  10  cm 
diameter  by  2  cm  deep  core  was  taken  from  an  additional  saiiple  collected 
with  the  baxcore  dredge  from  30  of  the  fixed  benthic  stations  occipied  and 
washed  through  stacked  0.5  and  0.25  mn  sieves.  Each  fraction  was  relaxed  in 
the  field  with  ice,  and  later  preserved  with  rose  benged-formalin  when 
returned  to  the  laboratory  for  processing.  In  the  lab,  the  0.5  im  fractioi 
was  rou^  sorted,  weighed  for  bicmass  determination  and  eurchived  for 
possible  future  processing.  Ihe  0.25  mm  fraction  was  processed  to  the 
lowest  practical  taxonomic  level,  usuailly  to  the  genus  or  family  level. 
Biomass  of  the  0.25  mm  fracticn  was  th^  estimated  at  edl  stations.  Since 
the  organisms  in  the  0.25  mm  sanple  are  so  small,  a  bicmass  conversion 
factor  was  determined  for  each  major  taxcxicmic  group  and  applied  tc  the 
totcil  number  of  individuals  in  a  sanple. 

A  sufcsample  for  sediment  grain  size  analysis  was  also  taken  at  eeich  of  the 
60  benthic  staticxis  with  a  2.5-cm  diameter  core  tube.  Only  the  top  5  cm  vas 
subsanpled  for  analysis.  All  sanples  were  then  processed  for  grain  size 
ctnalysis. 

Reports  of  the  benthic  data  include  standard  taxa  tables  with  sunnaries  of 
individucil  species,  major  taxoncmic  groc^  and  station  sunmaries  including 
total  number  of  organisms,  total  nusber  of  species,  mean  number  of 
organisms,  95  percent  confidence  limits  and  Shannon-Wiener  diversity. 

Ihe  entire  sampling  regime  for  the  project  was  based  on  a  statistical  design 
to  test  the  hypothesis  that  there  are  no  differences  in  any  of  the 
parameters  between  the  disposal,  fringe  and  reference  areas.  The  three 
cureas  then  followed  a  two  factor  design  with  interaction.  The  two  factors 
tested  were  sampling  area  (disposal,  fringe  or  reference),  a  spatizd.  factor, 
and  sample  period  (pre,  post  2  weeks,  post  6  wedcs,  post  20  weeks  and  post 
52  we^cs),  a  tenporal  factor. 
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Ihe  statistical  analysis  performed  on  the  macroinfauna  sairples  was  divided 
into  three  major  sections:  a)  descriptive  statistics;  b)  analytical 
statistics  and;  c)  classification,  ordinaticxi  and  respcxise  surface  analyses. 
Descriptive  statistics  cure  those  that  describe  the  nature  of  the  data  (mean, 
standard  deviation,  standard  error)  and  determine  whether  the  data  meet  the 
requirements  of  other  statistical  bests  to  be  performed  (skewness,  kurtosis 
and  normality).  Analytical  statistics  are  those  that  test  a  hypothesis 
utilizing  probability  statistics  such  as  vhether  two  means  differ 
significantly  or  vhether  a  relationship  between  two  variables  is 
significant.  Classificaticai,  ordination  and  response  surface  statistics  are 
useful  in  illustrating  oomunity  responses  to  changes  in  envircnmental 
variables  and  integrate  complex  relaticxiships  into  more  manageable  and 
therefore  more  understandaible  display.  The  BMDP  (Dixon  1983)  statisticeil 
software  package,  running  on  an  lEM-XT  was  utilized  for  univariate  and 
analytical  statistics.  IVo^rfay  analysis  of  veiriance  for  repeated  measures 
(BMDP-P2V)  was  applied  to  the  data  from  all  sanpling  periods  to  test  for 
spatio-temporal  differenoes. 

Descriptive  statistics  were  performed  on  an  lEM-XT  and  AT  microoonputer 
utilizing  oonmercially  available  packages  called  Synphcary  (IM)  and  dBase 
III.  Additional  descriptive  statistics  were  performed  utilizing  C  programs 
written  for  an  lEM  microoonputer  (diversity  indices).  Cluster  analyses  eind 
Ordination  analyses  were  performed  using  programs  developed  by  Taxonomic 
Associates. 

Q  and  r-mode  Cluster  analyses  were  performed  on  the  macroinfauna  abundeinoe 
data.  The  Q-mode  analyses  were  performed  to  oonpare  similarities  between 
stations.  Separate  runs  were  performed  with  the  cperaticnal  taxonomic  units 
(OIUS)  representing  each  station  in  the  60  fixed-station  grid  (60  OIUS). 

Ihe  r-mode  analyses  were  performed  to  allow  for  ocmiunity  oonpariscns 
(relationships  between  species)  between  the  sanpling  strata  and  between 
sampling  periods.  All  runs  were  performed  using  tte  dissimilarity  measure 
with  flexible  sorting. 
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Both  Q-ncde  (stations  are  the  c^jerational  taxonomic  vmits  (OIUS))  and  r-mode 
(species  are  the  OIUS)  clustering  were  applied  to  each  of  the  inonitorini 
periods.  In  order  to  view  the  resulting  dendrograms  for  this  study  in  ^ 
meaningful  format,  it  was  decided  that  a  single  similarity  index  would  be 
used  for  the  plots.  Since  different  indices  result  in  variable  dendrograne 
and  hence  interpretaticais,  several  were  applied  to  the  Gulfport  database  ard 
a  combinaticxis  of  indices  and  clustering  techniques  were  used.  Based  on  tlie 
results  of  these  preliminary  analyses,  a  constant  set  of  statistic 
parameters  were  selected. 

In  many  resemblance  measures  (such  as  Bray-Curtis) ,  attributes  (species) 
with  large  scores  generally  overwei^  an  analysis,  vAiereas  less  abundant 
species  are  rendered  relatively  uninportant.  The  Canberra  metric  minimizes 
some  of  the  effect  of  predominant  species  on  quemtitative  clustei  analysis. 
It  has  been  used  in  aquatic  ecological  studies  (Boescdi  1977)  and  becaixse  of 
its  characteristics  has  been  chosen  for  use  in  this  study. 

Flexible  sorting  with  a  beta  value  of  -0.25  was  used  to  minimize  the 
’•chaining"  effect  in  the  dendrograms.  Bus  has  produced  satisfactory 
results  in  a  wide  range  of  data  sets  and  has  been  used  in  several  marine 
ecological  eipplications  (see  Boesch  1977). 

Response  surface  aneilyses  prepared  ccxisisted  of  two  and  three  dimensioned 
displays  of  species  (or  appropriate  summary  taxa)  across  the  fixed  60 
station  grid. 

2.2.2  Demersal  Organisms. 

Trawling  was  conducted  from  a  42  ft  shriiip  boat  (Sam  &  Elaine) .  Sampling 
gear  consisted  of  a  16  ft  otter  trawl  with  3/4  inch  bar  mesh  outfitted  with 
2  ft  boeuxbs  and  a  150  ft  bridle. 

After  the  ocnpletion  of  benthic  sampling,  trawl  samples  were  collected 
within  four  designated  areas  including  the  dispo62d  area,  a  fringe  area 
north  of  the  disposed  area  (north  fringe),  a  fringe  area  south  of  the 
disposal  area  (south  fringe)  and  a  reference  area  north  of  the  north  fringe 
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disposal  area  (south  fringe)  and  a  reference  area  north  of  the  north  fringe 
area.  Within  these  areas,  fixed  trawl  lines  were  designated  equidistant 
between  each  pair  of  lines  formed  by  the  fixed  station  transects  (See  Figure 
2.2-2).  These  trawl  lines  were  spaced  aKsroximately  750  ft  apart  and  ran  on 
an  east-west  axis.  During  trawling  operations,  buoys  were  spaced  at  300  ft 
intervals  to  form  a  250  ft  safety  zone  on  either  side  of  the  random  trawl 
corridor. 

EXjring  night  trawls,  fluorescent  li(^t  sticks  were  strapped  to  buoys  prior 
to  sampling.  Also,  during  the  2,  6  and  20  week  post-disposal  field  efforts, 
electric  lamps  were  hung  fron  pvc  poles,  placed  at  the  fixed  stations,  for 
additional  reference  points.  This  assured  that  no  overlap  occurred  between 
fisheries  and  benthic  sampling  areas. 

Trawling  commenced  only  after  the  ccmpletion  of  the  benthic  and  sediment 
rrofile  tasks  and  trawl  corridors  were  chosen  randcsnly  for  each  of  the  five 
noiitoring  periods.  Trawl  distance  was  standardized  to  approximately  1300 
ft  and  approximately  2  knots  resp)ectively.  This  assured  uniformity  of 
sampling  and  prevented  overlapping  between  sampling  areas. 

Sampling  was  ocxiducted  on  alternate  days,  weather  oonditicsns  permitting, 
until  four  sets  of  sanples  were  <±tained.  Three  replicate  samples  were 
collected  for  each  trawl  corridor.  These  sampling  pjeriods  were  divided 
between  daytime  end  nighttime  collections  to  produce  a  diel  sampling  regime, 
thus  yielding  twerty-four  (24)  sanples  in  a  given  24-hour  cycle.  Each  field 
effort,  therefore,  resulted  in  the  collection  of  96  trawl  samples.  All  field 
efforts  were  recorded  on  standardized  field  note  sheets,  and  cire  maintained 
on  file  for  future  reference. 

Upxxi  collection,  samples  were  iranediately  transferred  to  1/4  inch  mesh  nylon 
net  bags  amd  pl2K3ed  in  a  relaxing  solution  of  seawater-buffered  2%  formalin. 
Sanples  were  then  returned  to  the  laboratory  and  pl2x»d  in  a  10%  formalin 
solution  for  fixation.  The  abdoroinad  cavity  of  fishes  larger  than  20  cam  was 
slit  to  aillow  pjenetration  of  preservative.  Samples  were  adlcwed  to  fix  for 
appcoxinately  10  days,  at  which  tiww  they  were  transferred  to  glass  jars  and 
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placed  in  a  40%  isc^jtx^l  alcohol  solution  for  long  term  storage.  All 
sanples  were  provided  with  tyvek  labels  and  marked  with  permanent  indelible 
ink  for  lc»ig  term  curation. 

All  specimens  were  identified  to  the  lowest  practical  identification  level 
(LPIL),  usually  to  species,  and  recorded  on  standardized  taxonomy  data 
sheets.  Each  specimen,  i^n  identificaticxi,  was  measured  for  standard 
length  (SL) ,  and  recorded  to  the  nearest  millimeter.  All  primary 
identificaticxis  were  performed  by  TAE  personnel. 

Seccxxiary  identifications  were  performed  on  a  select  subsanple  of  trawl 
sarnples  from  each  field  effort  by  Dr.  RcAert  L.  Shi{p  of  the  Iftiiversity  of 
South  Alabama.  All  secondary  identif locations  were  then  cxampared  to  the 
primary  identification  data,  and  any  discrepancies  were  investigated  and 
cxjrrec±ed. 

The  sampling  regime  for  the  fisheries  task  was  designed,  eis  were  the 
previous  tasks,  to  test  the  null  hypothesis  that  there  are  no  differences 
between  ejgjerimentcil  (disposed  and  fringe)  and  reference  areas  (Ho  =  0,  null 
hypothesis) .  Ihe  experimaital  design  followed  a  standardized  transect 
design  with  replication.  No  stratification  was  assumed  to  exist  within  each 
of  these  eureas.  This  design  allows  for  natural  inter-area  (experimented  vs. 
refererce)  variability  to  be  cxntrolled  for  maximum  resolution  with  the 
minimal  amount  of  sampling.  The  three  major  types  of  statistical  analyses 
performed  were:  a)  descriptive  statistics;  b)  analytical  statistics  and;  c) 
classification  and  ordination  anedyses. 

Size-frequency  displays  or  Hutbsc^grams  (Hufcbs  &  Hubbs,  1953)  were  prepared 
to  illustrate  size  freejuaxy  data.  Anedytical  statistics  were  performed 
utilizing  EMDP  statistical  software  for  the  prcxlucticn  of  ANDVA  tables.  The 
ANOVA  tables  test  a  hypothesis  utilizing  probability  statistics  such  as 
whether  there  is  a  significant  difference  in  means  (x)  or  the  possibility  of 
significant  inter-variable  relaticnships.  Classificaticxi  and  ordination 
emalyses  aure  useful  in  illustrating  examunity  responses  to  changes  in 
environinental  variables.  Cluster  Analysis,  both  Q  and  r-mexJe,  utilizing  the 
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Bray-Curtis  reseao±)lance  measure  with  groi^  average  sorting,  were  used  to 
develop  similarity  indices  for  the  overall  sampling  designations  and  ..ajc' 
species  respectively. 

All  parameters  collected  during  this  study,  including  aspects  of  the 
physical/chemical  envircximent  and  the  biological  resources  are  used  in 
presenting  a  conprehensive  picture  of  the  environmental  impacts  associate! 
with  thin-layer  dredged  material  disposal  technology.  The  integration  of 
the  results  <±(tained  during  this  multi-disciplinary  investigation  will  be 
useful  in  extrapolating  the  findings  presented  here  to  other  areas  where 
this  disposal  technique  is  used  in  the  future. 
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3.0  RESULTS 

3.1  PHYSICS^/CHEMICAL  ENVIRCMIENT 

3.1.1  PescriDtiCTi  of  Study  Area 

The  Study  site  was  located  south  of  the  Port  of  Gulfport  within  the 
Mississippi  Sound,  an  elongate  water  body  located  on  the  northeastern  Gulf 
of  Mexico  (See  Figure  1.1-1).  The  major  axis  of  the  sound  runs  east  and 
west  and  is  oriented  parallel  to  tie  Gulf.  A  series  of  barrier  u.land^  mark 
the  seaward  boundary  of  the  Sound.  In  the  vicinity  of  Gul^poiL,  Ship  Islarrl 
and  Cat  Island,  vhich  are  located  toward  the  western  end  ■  .  Mississippi 
Sound,  separate  the  Gulf  from  the  Sound. 

The  tides  of  Mississippi  Sound  are  predominately  diurnal  with  an  averac 
range  of  1.47  feet  (45  cm).  The  tides  are  modified  by  the  basin 
bathymetry,  winds  and  river  discharge.  Sustained  south  and  southeast  winds 
piush  water  from  the  Gulf  into  the  sound  whereas  north  and  northwest  winds 
have  the  opposite  effect  (Kjerfve  1982). 

Sediments  of  the  sound  have  been  described  by  Upshaw  gfc  ^1.  (1966)  vho 
indicated  that  the  bottoms  are  oonposed  of  silt  and  clay  with  seme  fine  to 
medium  sands.  Ihe  current  study  area  was  rep»rted  by  Vittor  (1982)  to  be 
oemprised  of  Seind-silt  clay  eind  silty-clay. 

Ihe  sound  is  a  relatively  sheillow  basin  averaging  9.9  feet.  On  the  western 
tips  of  the  barrier  islands  sli<^tly  greater  depths  are  found,  caused  by  the 
scouring  acticxi  of  the  tides  (Eleuterius  1976).  Between  Ship  and  Cat  Island 
is  the  entrance  to  the  Gulfpxjirt  navigatiem  channel  with  a  authorized 
project  d^Tth  of  32  ft.  The  Intracoastal  Waterway  sp>ans  the  east-west  axis 
of  the  sound  and  has  an  authorized  depth  of  12  feet. 

3.1.2  BattMnetty 

Four  bathymetric  surveys  were  ocsiducted  at  the  Gulfp»rt  Ship  Channel  (par- 
water  dispx362il  site  to  evaluate  the  effectiveness  of  the  thin-layer  dredged 
material  disposeil  methociolcrgy.  Appresdmately  10,000  data  px>ints  were 
gaierated  (during  each  of  the  four  bathymetric  surveys.  Each  (iata  point 
(xnsisted  of  depth,  time,  and  horizcxrtal  positicxi.  All  water  depth  data 
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were  eidjxisted  to  NOS  MLW  prior  to  ocaitouring.  Bathymetric  oontr'rs  of  the 
stuciy  area  ctotained  cJuring  the  predisposal  survey  were  used  to  determne  the 
existing  tc^xagraphy  of  the  cpen-water  disposal  site. 

The  predisposal  tathymetric  chart  with  ccaitour  lines  at  half-foot  intervals 
is  presented  in  Figure  3.1-1.  Due  to  foul  weather  encountered  during  the 
predisposal  survey,  the  eastern-most  600  ft  of  the  fringe  and  reference 
areas  could  not  be  surveyed.  All  of  the  reamainder  of  the  reference,  fringe 
'jxi  disposal  areas  and  450  ft  of  the  eastern  fringe  area  were  surveyed 
during  the  predisposal  fiald  effort.  Ihe  results  of  subsequent  bathymetric 
surveys  shewed  that  eill  of  the  area  vtiich  received  dredge  spoil  was  covered 
during  the  predisposal  survey. 

Results  of  the  predisposal  survey  (see  Figure  3.1-1)  shew  the  topography  of 
the  study  area  to  be  relatively  smooth,  with  water  depths  gradually 
increasing  from  aRiroximately  10  ft  in  the  northern  fringe  area  to  11  ft  in 
the  southern  fringe  area.  Ihe  10.5-ft  ccxitour  line  was  located  in 
approximately  the  center  of  the  study  area  in  a  general  east-to-west 
orientation.  Ihere  was  an  overall  increase  in  water  depth  with  increasing 
distance  offshore,  at  a  rate  of  approximately  1  ft  in  depth  over  a  distance 
of  4,000  ft. 

A  second  bathymetric  survey,  conducted  2  weeks  after  ccaipletioi  of  dredged 
material  disposal  operations,  shewed  clear  evidence  of  sediment  deposition 
within  the  study  area  (see  Figure  3.1-2).  Ihe  area  of  greatest  sediment 
deposition  (0.5  ft  or  greater)  was  centered  within  the  disposal  area.  A 
ocjtparison  of  the  predisposcil  cind  2-week  post-disposal  bathymetric  surveys 
shews  sediment  deposition  to  have  also  occurred  in  both  the  northern  and 
southern  fringe  areas  of  the  study  site. 

A  bathymetric  chart  shwing  the  eireal  extent  of  sediment  deposition  in  the 
study  area  was  produced  by  plotting  the  difference  between  the  2-week  post- 
disposal  and  predisposal  surveys  (see  Figure  3.1-3).  Ihe  weather  between 
these  two  studies  was  typical  of  the  December-Jemuzury  period  with  the 
passage  of  a  cold  front  on  the  26-27  of  Decenixr.  The  study  area. 
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Figure  3.1*3 

DIFFERENCE  BETWEEN  PREDISPOSAL  AND  2  WEEK  POST  DISPOSAL 
BATHYMETRIC  SURVEYS,  GULFPORT  SHIP  CHANNEL  DISPOSAL  AREA, 
MISSISSIPPI  SOUND 

SOURCE:  E8E,  tfS7. 
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experienced  strong  northwesterly  winds  vhich  pushed  much  of  the  water  out  of 
the  Sound.  Very  lew  tides  were  experienced  during  this  period. 

This  bathymetric  chart  has  been  modified  in  Figure  3.1-4  to  show  only  those 
changes  in  depth  of  0.5  ft  and  greater,  i^hich  was  the  target  sediment  rise 
for  the  thin-layer  disposal  methodology. 

The  inherent  variability  in  the  bathymetric  surveys  induced  by  the  accuracy 
of  the  instrumentation  (see  Section  2.1.1),  as  well  as  the  effects  of  wave 
action  on  the  survey  vessel,  was  afproximately  ±0.3  ft.  The  bathymetric 
chart  shewing  the  difference  between  the  predisposal  and  first  post-disposal 
surveys  presented  in  Figure  3.1-3  contained  numerous  contour  lines 
representing  changes  in  water  depth  of  less  than  0.5  ft,  many  of  vhich  are 
within  the  range  of  variability  of  the  overall  survey  technique.  The  0.0-ft 
oOTitour  lines  were  removed  in  Figure  3.1-4  to  clearly  show  the  actual  area 
of  sediment  deposition  of  0.5  ft  and  greater  due  to  the  thin- layer  dredged 
material  disposal  operations. 

The  area  of  sediment  deposition,  exceeding  0.5  ft  in  depth,  was  located 
primarily  in  the  western  half  of  the  disposal  area  as  shewn  in  Figures  3.1-3 
and  3.1-4.  The  maximum  sediment  rise  in  the  study  area  was  less  than  1  ft 
in  depth  in  all  areas.  From  the  results  of  the  predisposeil  and  2-week  post- 
disposcil  bathymetric  surveys  an  estimated  volume  of  80,900  cubic  yards  (yd^) 
of  sediment  was  deposited  in  the  study  area  at  a  depth  of  0.5  ft  or  greater. 
The  volume  of  matericil  removed  from  the  dredged  site  was  estimated  at  61,385 
yards  which  would  give  a  bulking  factor  of  1.3.  A  total  of  69,800  yd^ 

(86  percent  of  toted)  of  the  sedimart  deposited  was  located  within  the 
disposal  cirea,  with  an  additional  11,100  yd^  (14  percent  of  toted)  located 
within  the  fringe  area.  The  toted  areal  extait  of  the  0.5-ft  contour  line 
within  the  overcdl  study  area  was  514,000  square  yards  (yd^),  with 
436,000  yd^  (85  percent)  within  the  disposal  area  and  78,000  yd^ 

(15  percent)  within  the  fringe  area. 

A  third  bathymetric  survey  was  conducted  6  weeks  edfter  dredged  materied 
disposal  operations  had  been  ocnpleted,  to  evaluate  the  effects  of 
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dispersion,  compaction  and  sediment  drift.  A  bathymetric  chart  shewing  the 
topographic  contours  present  during  the  6-week  post-disposal  survey  is 
presented  in  Figure  3.1-5.  Variability  in  water  depth  measurements  was 
noted  to  have  increased  during  the  6-week  post-disposal  survey  due  to  high 
winds  and  rou^  seas.  This  occurred  in  spite  of  the  use  of  a  larger  vessel 
(47  ft  versus  the  usual  24  foot  vessel)  and  resulted  in  an  increased 
variability  between  adjacent  data  points  that  was  as  hi^  as  1  ft.  during 
this  period.  This  increased  variability  was  due  to  vessel  movement  from 
wave  action  and  increased  the  sampling  error  for  data  collected  during  that 
period. 

Even  thou^  variability  in  depth  measurements  was  elevated  during  the  third 
survey,  evidence  of  a  sediment  mound  within  the  disposal  area  can  be  seen  in 
Figure  3.1-5.  The  difference  between  the  6-week  post-disposed  and  the 
predisposal  bathymetric  surveys  is  shewn  in  Figure  3.1-6.  An  enhanced 
bathymetric  chart  shewing  changes  in  sediment  depth  of  0.5  ft  or  greater  is 
presented  in  Figure  3.1-7.  Results  of  the  6-week  post-<*isposal  survey  shew 
the  remaining  sediment  mound  within  the  study  area  (0.5  ft  or  greater)  to 
have  a  total  volvnne  of  38,100  yd^.  A  total  of  30,400  yd^  were  located 
within  the  disposal  area,  cdong  with  7,700  yd^  within  the  fringe  areas.  The 
sediroait  mound  identified  during  the  6-we^  post-dispos2d  survey  covered  a 
total  area  of  229,000  yd^,  of  which  183,000  yd^  were  located  with  the 
disposal  area  and  46,000  yd^  were  located  within  the  fringe  eureas.  The  area. 
and  volume  of  the  sediment  mound  (0.5  ft  or  greater)  identified  during  the 
6-week  post-disposal  survey  shewed  a  net  decrease  of  285,000  yd^  (55  percent 
of  total)  and  50,500  yd^  (62  percent  of  total)  during  the  first  6  weeks 
following  the  completion  of  dredge  disposal  operations.  This  decrease  was 
presumably  due  to  sediment  migraticai  and  dispersion  caused  by  turbulence  and 
wave  2tction. 

A  bathymetric  chart  showing  the  change  in  topogrepty  in  the  study  area 
between  the  6-we^  and  2-week  post-disposal  surveys  is  presented  in 
Figure  3.1-8.  This  oemparison  was  made  as  to  observe  movement  of  materials 
subsequent  to  the  disposed,  operation.  Since  most  of  the  contour  lines  in 
Figure  3.1-8  r^nresent  a  change  in  topogrephy  of  less  than  0.5  ft,  a  second 
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chart  showing  only  the  ocaitour  lines  of  0.5  ft  or  greater  is  presented  in 
Figure  3.1-9.  While  the  majority  of  contour  lines  in  Figure  3.1-8  represent 
a  change  in  depth  of  less  than  0.5  ft,  a  decrease  in  sediment  depth  between 
the  6-week,  and  2-week  post-disposal  surveys  did  occur  over  a  small  area,  as 
shown  in  Figure  3.1-9.  This  decrease  in  sediment  depth,  due  to  dispersion 
of  dredged  material,  covered  an  area  of  74,000  yd^  with  an  overall  volume  of 
11,000  yd^. 

A  final  bathymetric  survey  (Figure  3.1-10)  was  conducted  20  weeks  after  the 
conpletion  of  all  dredged  material  disposal  operations.  Tlie  distinct  area 
of  sediment  deposition  evident  in  the  disposal  area  during  the  2-week  and 
6-week  post-disposal  surveys  was  not  found  during  the  20-week  post-disposal 
survey  indicating  movement  or  ocnpacticai  of  the  disposed  materials. 

The  difference  between  the  predisposal  and  the  20-week  post-disposal  surveys 
is  presented  in  Figures  3.1-11  and  3.1-12. 

The  total  area  having  a  rise  in  sediment  depth  of  0.5  ft  or  greater 
(26,000  yd^)  was  found  to  be  greatly  reduced  during  the  20-week  post¬ 
disposal  survey.  This  area  represented  a  total  volume  of  4,000  yd^.  As  can 
be  seen  from  Figure  3.1-12,  the  difference  in  the  tc^xjgraphy  of  the  loajority 
of  the  study  area  between  the  predisposal  and  20-week  post-disposal  surveys 
was  less  than  0.5  ft. 

The  difference  between  the  20-week  and  6-week  post-disposal  bathymetric 
surveys  is  presented  in  Figures  3.1-13  and  3.1-14.  Very  little  difference 
in  topography  was  evident  between  the  two  surveys,  with  most  changes  in 
depth  less  than  0.5  ft.  This  indicates  that  most  movement  of  sediment, 
subsequent  to  the  dispossil  (p)eraticn,  occurred  within  six  weeks  following 
the  origiral  depositicxi. 


3.1.3 


Water-quality  studies  were  carried  out  ocncurrently  with  the  predisposal 
bathymetric  survey.  The  predisposal  water-quality  survey  was  conducted  in 
December  1986.  Air  temperatures  ranged  from  45  to  50  degrees  Fahrenheit 
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Figure  3.1-10 
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Figure  3.1-11 

DIFFERENCE  BETWEEN  PREOISPOSAL  AND  20-WEEK  POST-DISPOSAL 
BATHYMETRIC  SURVEYS,  GULFPORT  SHIP  CHANNEL  DISPOSAL  AREA, 
MISSISSIPPI  SOUND 


SOURCE:  ESE,  1M7. 


mm 


OF  SEDIMENT  DEPOSITION. 


SCALE  IN  FEET 


DISPOSAL  AREA 
FRINGE  AREA 

AREA  NOT  SURVEYED 
DUE  TO  BAD  WEATHER 


- DISPOSAL  AREA 

- FRINGE  AREA 

M  AREA  NOT  SURVEYED 
DUE  TO  BAD  WEATHER 


SCALE  IN  FEET 


UJ 

r 

< 

i 

o 

I 

(/) 

! 

i 

'OS'-- 

»s:  • 

4b  i  ► 

•  b  -  • 

L 

r 

•S'' 

•  b  :  •  b 

Figure  3.1-13 

DIFFERENCE  BETWEEN  6  WEEK  AND  20  WEEK  POST  DISPOSAL  BATHYMETRIC  SURVEYS, 
GULFPORT  SHIP  CHANNEL  DISPOSAL  AREA,  MISSISSIPPI  SOUND 
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Figure  3.1-14 

DIFFERENCE  OF  0.5  FT  OR  GREATER  BETWEEN  6  WEEK  AND  20  WEEK 
POST-DISPOSAL  BATHYMETRIC  SURVEYS,  GULFPORT  SHIP  CHANNEL 
DISPOSAL  AREA,  MISSISSIPPI  SOUND 
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(°F) .  Wind  direction  was  primarily  from  the  south  at  about  4  to  8  knots 
(Kh),  and  seas  ranged  from  2  to  4  ft.  Conplete  analytical  results  for  DO, 
salinity,  teraperature,  and  TSS  are  presented  in  ^pendix  A. 

Dissolved  Oxygen — EXD  values  measured  during  the  predisposeil  water-quality 
stuty  ranged  from  7.8  to  10.4  ppm,  with  a  mean  of  8.8  ppm.  Mean  EX) 
concentrations  at  all  10  sampling  sites  were  hi^ily  similar,  with  mean 
values  at  the  various  stations  ranging  frcm  8.7  to  8.9  ppm  (see  Table  3.1- 
1).  Verticcd  distribution  of  EX)  ccxicentrations  at  the  10  stations  vas 
hi^ily  uniform,  with  a  range  of  less  than  0.4  milligrams  per  liter  (mg/L) 
between  the  surface  and  bottom  of  the  water  column. 

Temperature — Mean  water  temperature  during  the  predisposal  water-quality 
survey  was  12.6°C,  with  a  range  in  individual  values  of  12.0  to  13.0°C. 
Mean  water  temperatures  at  the  individual  staticsis  were  cdl  12.6'C  (see 
Table  3 . 1-1 ) .  No  consistent  vertical  gradient  in  water  temperature  was 
observed  during  the  predisposal  survey. 

Salinity — Mean  salinity  in  the  study  area  during  the  predisposal  water- 
quality  survey  was  21.9  ppt,  with  a  range  in  individual  values  of  21.4  to 
22.5  ppt.  Mean  salinity  values  for  the  individual  stations  during  the 
predisposal  survey  were  hi(^y  similar,  ranging  frcm  21.7  to  22.0  ppt  (see 
Table  3.1-1). 


Current  Speed  and  Direction — Current  measurements  taken  during  the 
preLlisposal  water-quality  survey  were  uniformly  lew,  with  a  mean  current 
speed  of  0.1  Kn  and  a  range  of  <0.1  to  0.3  Kh.  Current  direction  during 
flood  tide  was  predcminately  toward  the  west,  whereas  current  direction 
during  tide  was  primeurily  toward  the  south. 

Total  Suspp-ndgri  gni  mean  TSS  coicentration  in  the  study  area  during 

the  predisposal  water-quality  survey  was  14  mg/L  with  a  range  in  individual 
values  of  <5.0  to  74  mg/L.  Mean  TSS  values  at  the  individual  stations 
ranged  frcm  13  to  15  lag/L. 
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Table  3.1-1.  Mean  DO,  Tenperature,  Salinity,  and  TSS  Values  fram  the 
Predisposal  Water  Quality  Survey. 


Station 

Number 

DO 

(mg/L) 

Teirperature 

(‘C) 

Salinity 

(Fpt) 

TSS 

(mg/L) 

1 

8.9 

(8.0  -  10.4) 

12.6 

(12.3  -  12.9) 

22.0 

(21.6  -  22.4) 

15 

(<5.0  -  35) 

2 

8.8 

(8.0  -  9.6) 

12.6 

(12.1  -  12,9) 

22.0 

(21.6  -  22.5) 

15 

(<5.0  -  34) 

3 

8.8 

(8.0  -  9.5) 

12.6 

(12.3  -  13.0) 

22.0 

(21.6  -  22,4) 

15 

(6.0  -  34) 

4 

8.8 

(7.8  -  9.6) 

12.6 

(12.2  -  13.0) 

22.0 

(21.6  -  22.4) 

14 

(<5.0  -  43) 

5 

8.9 

(8.2  -  10.0) 

12.6 

(12.0  -  13.0) 

21.9 

(21.5  -  22.3) 

14 

(<5.0  -  74) 

6 

8.8 

(8.0  -  9.5) 

12.6 

(12.3  -  13.0) 

21.9 

(21.6  -  22.3) 

14 

(<5.0  -  60) 

7 

8.7 

(8.1  -  9.4) 

12.6 

(12.2  -  13.0) 

21.9 

(21.6  -  22.3) 

14 

(<5.0  -  28) 

8 

8.8 

(8.0  -  9.7) 

12.6 

(12.3  -  13.0) 

21.9 

(21.6  -  22.4) 

14 

(<5.0  -  31) 

9 

8.7 

(7.9  -  9,5) 

12.6 

(12.3  -  12.9) 

21.9 

(21.6  -  22.3) 

14 

(<5.0  -  47) 

10 

8.7 

(7,9  -  9.7) 

12.6 

(12.4  -  12.9) 

21.7 

(21.4  -  22.3) 

13 

(<5.0  -  28) 

Note:  Values  in  parentheses  are  minimum  and  maximum. 
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3.1.4.  Sedimenti  AnaiyKis  Aneilysis  of  the  sediment  sanples  collected  during 
the  2-weeik  predisposal  benthic  sampling  program  shewed  a  relatively 
homogeneous  sediment  within  the  study  eirea  (Figure  3.1-15).  The 
classificaticmi  (Folk's)  was  a  silty  mud  to  clayey  mud  te>cture.  By  the  2- 
week  post-disposal  survey,  a  peak  of  smaller  diameter  (finer)  material  weis 
deposited  in  the  western  part  of  the  disposal  area.  By  the  6-week  post¬ 
disposal  period  the  peak  was  essentially  obliterated,  presumably  by  physical 
and  biological  reworking  of  the  sediment.  The  20-week  post  disposal  survey 
had  a  slii^tly  Icwer  average  phi  value  than  the  other  periods  perhaps  in 
part  due  to  a  seascnal  change  in  wind  and  current  patterns. 

3.1.5  Vertical  Sediment  Profile  Imagery 

Results  from  the  aralysis  of  images  obtained  by  vertical  sediment  profile 
imagery  system  are  presented  in  Appendix  D  and  are  summarized  belcw. 

In  general,  sediiaait  profile  photographs  for  the  Gulfport  Harbor  study  were 
of  lew  (oontrast  which  necessitated  the  utilization  of  cx>lor  slides  at  the 
stations  to  improve  contrast.  These  images  had  the  broadest  range  in  the 
red  plane  which  were  associated  with  the  brown  tones  of  ooddized  superficied. 
sedunents  and  facilitated  the  identification  of  the  reduced  potential 
discontinuity  (RPD)  layer.  Overall,  the  entire  surface  area  was  relatively 
homogeneous  in  appearance  which  is  illustrated  in  representative  photogrsphs 
of  the  area  (Plates  3.1-1  and  3.1-2).  Subsurface  sediments  were  liqht  gr^ 
in  tone.  Dredged  material  was  sli^itly  lifter  in  grey  tone  and  had  a  very 
hcinogeneous  texturel  appearance  making  ideitification  of  the  dredged 
materials  relatively  easy. 

Prism  penetration  of  the  camera  ranged  frem  5-10  cm  thrcuc^xxit  the  entire 
study  area.  The  variation  in  penetration  seemed  to  be  of  a  random  nature 
indic:ating  a  relative  homogeneity  in  terms  of  ooRpachicn.  Based  on  the 
photograpt^,  the  sediments  were  classified  as  a  silty^layey  mud  and  were 
very  uniform  over  the  entire  study  area.  The  grein  size  of  the  dredged 
material  was  the  same  as  the  background  material  and  did  not  add  any 
heterogeneity  to  the  area. 
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figure  3.1  “15. 
COMPOSITION  AT 
STUDY  AREA. 
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FIGURE  3.1-15.  SEDIMENT  GRAIN  SIZE 
COMPOSITION  AT  THE  GULFPORT  HARBOR 
STUDY  AREA. 
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PLATE  3,1-1.  REPRESENTATIVE  SEDIMENT 
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SEDIMENT  FEATURES. 


very  uniform  over  the  entire  study  area.  The  grain  size  of  the  dredged 
material  was  the  same  as  the  background  material  and  did  not  add  any 
heterogeneity  to  the  area. 

Surface  relief  from  all  sanpling  periods  was  generally  less  than  1  cm.  When 
relief  was  present  it  was  usually  ckje  to  a  disturbed  sediment,  hunanocks  or 
bedform-like  features.  Overall  sediment  surface  relief  increased  from  2 
week  post-disposal  monitoring  period  to  the  20  week  post-disposal  monitoring 
period  at  both  dredged  material  stations  and  the  surrounding  area  indicating 
the  area  was  physiccilly  disturtaed  throughout  the  post-disposal  period.  This 
disturbance  was  attributed  to  wind  and  current  induced  sediment  disturbance 
hut  biologically  induced  disturbances  cannot  be  ruled  out.  Physically 
induced  surface  features  were  mud  lumps  or  clay  casts  ranging  frcan  0.5  cm  in 
diameter  to  over  3.0  cm.  Most  were  aerobic  but  a  few  had  anaerobic  surfaces 
suggesting  a  recent  physical  disturbar>oe.  In  any  case,  due  to  the  wide¬ 
spread  nature  of  the  mud  lumps  and  their  continued  occurrence  throu(^  the 
52-week  sampling,  they  were  clearly  not  associated  with  the  disposal  event. 

The  depth  of  the  RPD  layer  varied  over  the  study  area  (Figure  3.1-16). 
Shallowest  RPD  values  occurred  at  stations  with  disturbed  surfaces  and 
stations  with  little  evidence  of  biogenic  features.  The  deepest  values  were 
associated  with  burrows  or  other  subsurface  biogenic  features.  These 
differences  were  noted  throughout  the  study  area  during  the  entire  study. 

The  shallowest  RPD  values  noted  were  associated  with  the  dredge  materieds, 
especially  noticeable  on  West-East  line  5. 

Dredge  materieil  signatures  were  easily  detectable  in  the  sediment  profile 
photographs  (Plate  3,1-3).  The  most  stations  \nhere  dredge  material  was 
detected  was  during  the  2-week  post-disposal  survey.  Fifteen  grid  stations 
showed  evidence  of  dredge  materieil.  Based  on  the  photographs,  the  majority 
of  the  material  was  placed  in  a  rectangular  area  bounded  by  stations  4-3,  5- 
3,  5-6  and  4-3  vhich  oorrespcxids  well  with  the  same  detecticxi  of  the 
matericils  by  bathymetry  (see  Figure  3.1-7). 
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The  signature  of  deposited  materials  as  detected  by  analysis  of  the  vertical 
sediment  profile  images  slowly  disappeared  with  time,  presumably  due  to 
physical  and  biological  reworking  of  the  sediments  (Plate  3.1-3).  The 
material  was  only  detectable  at  two  stations  (4-5  and  4-6)  during  the  20  and 
52-week  post  disposal  surveys.  It  should  be  noted  that  the  dredged 
materials  detected  during  the  52  week  post-disposal  survey  had  been 
extensively  "weathered"  and  modified  by  biological  activity.  A  vertically 
exaggerated  depiction  of  the  dredged  material  overburden  is  presented  in 
Figure  3.1-17  for  illustration. 


3.2  BIOLOGICAL  RESOURCES  -  MACRDINFAUNA. 

3.2.1.  Macroinfauna 

The  results  of  the  macroinfauna  presented  below  represent  the  monthly 
sairpling  at  each  of  sixty  fixed  grid  stations  ("fixed")  and  6  stations 
randomly  selected  ("random")  witliin  each  of  the  three  design  strata 
(Reference,  fringe  and  dispxjsal  areas).  The  fixed  staticn  results  represent 
sanples  consisting  of  a  single  core  whereas  the  results  of  the  randcan 
stations  represent  8  replicate  core  samples.  For  that  reason,  comparisons 
should  be  made  on  samples  that  were  sanpled  in  the  same  manner. 

Results  of  the  macroinvertdarate  collections  are  presented  in  Afpendices  B 
and  C  (Part  I)  for  the  randcm  and  the  fixed  station  collections 
respectively.  Sumnciry  statistics,  including  total  number  of  organisms  -m“^, 
total  number  of  taxa  per  sample  and  Shannon/Wiener  diversity  index  are 
included  following  each  station  table. 

A  total  of  195  taxa  representing  92  families  of  macroirwei-t^crates  have  been 
identified  from  the  samples.  (Table  3.2-1).  Polychaetes,  molluscs  and 
crustaceans  dominate  the  ooranunity  both  numerically  and  in  terms  of  the 
number  of  taxa.  Bchinoderms  cind  Hemichordates  were  occasioncilly  dcndncint  at 
some  stations. 
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FIGURE  3.1-17.  DEPTH  OF  DREDGED  MATERIAL 
OVERBURDEN  (CM) AT  THE  GULFPORT  THIN-LAYER 


T^ble  3.2-1.  Etiylogenetic  listing  of  nacroinfauna  oollected  during 
Gulfport  Hartxsr  study. 


Phylum 

Class 

Order 

Family 

Genus  species 


Qiidaria 

Anthozoa 

Actiniaria 

Athensuria 

Platyhelminthes 

Turbellaria 

Rhynchoooela 

Phoronida 


Fhoraiidae 


Phorcnis  rgaitmophila 
Phormiis 


Mollusca 

Gastrc^xxia 

Archogastrc^xxSa 


canaliculata 


Mesogastropoda 

Assimineidae 


A^^iminea  SVK?ginea 
Calyptraeidae 

Crepidula  fomicata 
£pit(Xiiidae 

Epitoiium  gypjgpla 
Bpitoniuro  £p. 

Naticidae 

Polinioffi  duplicate 

Pyramidcllidae 

rrinsl-ffwia  C.f.  Highian 

IMrtgnilla  aUBtKlli 
TXntcnilla  curta 
Turfaonilla  dalli 
l^gtnnilla  inteCTUPte 
lMrt3onilla  pEatracte 

l^gtxxiilla  sa?. 

Turridcie 


Mellanella  gcacilis 
Vitrinellidae 


ryT^-ingt-rpiTiiriiR  pentagoHUS 
Neogastrcpoda 
Nasseuriidae 


aCUtis 
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Table  3.2-1.  (Oontinued) . 


Phylum 

Class 

Order 

Family 

Genus  species 


sp. 


Nassarius  vibex 
Cephalaspidea 


Actecxiidae 

cunctostriatus 

Atyidae 

Haminoea  suocinea 


OpisttKtoranchia 

Nudihranchia 

Oorambidae 

Doridella  obscura 

Pelecypoda 

Arooida 

Aricidae 

pvalis 

Bmderpga 

Mytilidae 

Papyria 

Wjdiolus  sp.  A 

Nuculoida 

Nuculinidae 

W>.ywlana  acuta 
Kuculana  c.f.  acuta 
Nuculana  planulata 
Wuculana  gp. 

Nuculana  SE>  A 
Wuculana  sp.  b 
Opalidae 

Ctoalia  c.f.  pjmilie 

Veneroida 

Astartidae 

Astarte  nana 
Crassatelidae 

Crassinella  lunulata 
Mcntacutidae 

Mv^ella  c.f.  planulata 
MySftUa  Planulata 
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Table  3.2-1.  (Oraitinued) . 


Phylum 

Class 

Order 

Family 

Genus  species 


Ms^lla  sp. 

Uhgulidae 

Piplodonta  pmctata 

Mactxidae 

miinia  lateralis 
Tellinidae 

Maocra  c.f.  tenta 

SB- 

tenta 

Sesnelidae 

Abra  £p. 

Saogls  nugliodes 

Solenidae 

viridis 

Veneridae 

<3iione  canoellata 
Quone  c.f.  laUlirata 

Dosinia  eleoans 
Transenella  stimpsoni 
Savella  fusca 

Annelida 

Polychaeta 

Ampharetidae 

>™*ainete  c.f.  arctica 
ftntfarete  parvidaitata 

Melijina  gonoidae 

Malinna  SBOilata 
Anphinoniidae 

Paramchinrirft  nulriv»nH 
Capitellidae 

ffiapitalla  gapltata 
MBdlffBfffaK  alifoculeDsis 
{jedipoBS&us  sB' 

HatanniEtLiR  wmer^nuniM 

uptamstus  dauari 
Nntannfitus  lotalus 

HQtSDBB&fi  Bp. 
Chaetopteridae 

Qiaetoptarus  varlon«rtn<^ 
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Table  3.2-1.  (Oaitinued). 


I 


I 


Kiylum 

Class 

OrxSer 

Family 

Genus  species 


Spi  ochaf»tT.phAnis 

Spiochaetopterus  oculatus 
Chrysc^talidae 

Bhawania  heteroseta 


Bhawania  gp. 
Paleanotus  heterosetg 
PalearmtaiR  l(±atUS 
Cirratulidae 


ChaetozoTe  gp. 

ChaetozoTe  gp.  A 

Cirrifgrma  he«aqBettu 

Cirriformia  gp. 

Cirriformia  gp.  A 
Tharvx  gp. 

Oossuridae 

^2qssU£S  delta 
soveri 
Oossura  gp. 

Dorvilleidae 

fidiistanarimos  Bectinata 

Scfaistomerinaos  c.f.  rudPlptu 
ScfaistonerijTCPS  rudniphi 

Flabelligeridae 

PircBiis  rcberti 
Glyoeridae 

glygera  amaricana,- 

Glyoera  c.f.  robu!^ 

Glyoera 

Goniadidzie 

Glvcinde  solitaria 

filYcinde  a?- 

Gcniada  rarolinae 
Hesicnidae 


Pndarka  nhmira 
PncterteflopKis 


Lunbrineridae 

Tmahrinor-Hg  gp. 

Magelcnidae 

Haoelcna  cincta 


T^ible  3.2-1.  (Ocntinued) . 


Phylum 

Class 

Order 

Family 

Genus  species 


Maaelona  c.f.  pettiboneae 
PettitxaTeae 
Maoelona  gp. 

Maaelona  gp.  A 
Maldanidae 

Asvchis  elcaxiatus 
Asvchis  gp. 

Euclymene 

Macroclvniene  zcnalis 
Nephtyidae 

Aalaoohamis  verilli 
Nereidae 

WeanthfiS  micronma 
Neanthfes  gp. 

Websterinereis  trldentata 
Qnuphidae 

Diopatra  cuprea 
Opheliidae 

Armandia  naculata 
0«3helina  ryl  indr-inaiiffaf-a 
Qrbiniidae 

Ii»itnRnr.1np1nR  frafliliS 
I^itnRf»1np1nR  robUStUS 
I^ifoRnnlnpInK  gp. 

CX^eniidae 

Mvriochele  gculata 
Owenia  fusiformis 
Pectinariid2ie 

Ftiyllodocidae 

Eteone  h<a<-ATnnpnda 

£j:gQDe 

Phvllodoce  sjcggaas 
Pilargidae 

Ancistrosvllis  aroeiilandica 
Ancistrosvllis 
Ancistrosyllis  popillgga 
Ancistrosvllis  gp. 
cabirw  inoerta 
ParaTYteTia  americana 
Sioanbra  bassi 
Slaambra  sB- 
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I^le  3.2-1.  (Oontinued). 


Ft^lum 

Class 

Order 

Fainily 

Gams  species 


Siqambra  tentaculata 
piqamhra  wassl 
Polynoidae 

HarTnQt±ioe  sp. 
Tppiftefirt-h*>nia  gp.  A 
sp-  b 

Lepidmotus  s^levig 

Malmcfr^iana  gp. 
Maltnm-aniaUa  SP-  A 
Malm^eniella  gP-  B 
Polyodbntidae 

Polvodoites  lupinys 
Sabellidae 

MBoalanna  bioculatmr 
Megaloinna  sp. 

c.f.  reniformis 
Patamilla  sp. 

Sigalicnidae 

sthenelais  IMopla 

Sthanelais  sp> 

Sthenelais  sp.  A 
^icxiidae 

Apopric^iospio  pyaroaea 
ApcxarionospjQ  sp. 

Cara?:g!iena  hgt^CTae 
Pa-raprinnospiQ  pinnata 
Polydora  caullervi 
Polvdora  ggnwta 
Ealydcaa  c.f.  gaullgryi 
Polydara  socialis 
Polydora  sp.  A 

PQlyfcra  sp*  b 

Pnivrinrra 


Table  3.2-1.  (Continued). 


Phylum 

Class 

Order 

Family 

Genus  species 


Syllidae 

Terebellidae 

Amaesea  mitchilli 
Loimia  QS^ysa 
Loimia  gp. 
Pplygjrrus  sp. 

Oligochaeta 

Hirudinea 

Sipuncula 

Golfingiidae 

Phascolion  gp. 
Phasoolion  strombi 

Arthropoda 

Crustacea 

Malaoostraca 

Stamatopoda 

Squillidae 

Squilla  eampusa 

CUmacea 

Bodotriidae 

Cvclaspis  varians 
Leuconidae 

FudoraUa  fflcnodai 
Leuocn  americanus 
Diastylidae 

Qxvurostvlis 

Anphipoda 

Aiqpeliscidae 

Anpelisca  sb> 
Anpelisfis  sp-  a 
ftapelisca  sp.  b 
ftacelisa  vadprvp 
Acridae 


Argissidae 

hanwl-ipps 

CoTophiidae 

caruchium  acftfiiVgicuiD 
farnrihium  >itum 

Cttrashiup  sd  a 

Bateidae 


Table  3 . 2-1 .  ( CJcaitinued) . 


Riylum 

Class 

Order 

Family 

Genus  species 


Lill jeborgiidae 
List 
I^xitldae 


hamaTdi 


Microprototxis  ranei 
Stenothidae 

Parametopella  texensis 

Mysidacea 

Mysidacidae 

MvsidODsis  sp. 

Deccipoda 

Penaeidea 

Penaeidae 


TrcKaivpenaeus  constrictus 
Trachvpenaeus  similis 


sp. 


Garidea 

Alpheidae 

Mpbas  hgterpdweiig 

Ogyrididae 

9gyri<feg  alphacrostris 


Anonura 


Paguridae 

PaqPiffVg  annulipes 
Bracbyura 
Portunidae 


Callinfiotrfy? 

Pinnotherideie 


sapidus 

similis 


Pinnixa  paarse-i 
Pinnixa  sp* 

Xanthidae 


Rgypnnpppus  deEcessvg 

Pancoeus  pi^^us 

Bciunodennata 

Holothuroidea 

Dendb?uchirc7tida 

Cucumaridae 

Allcmygne  mexigana 
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Table  3.2-1.  (CXxTtinued) 


Phylum 

Class 

Order 

Family 

Genus  species 


Synaptidae 

Leptegynapte  crassioatina 

Stelleroidea 

Ophiuroidea 

Ophiuridae 

HaniEhPlis  eloncata 
Migrpchiophoiis 

Hemichordata 

Ptychoderidae 

Balanoalossus  c.f. 

Cephalochordata 

Branchiostcma  sp. 

Chordata 

Vertebrata 
Osteichthyes 
Anguillifonnes 
Ophichthidae 

Myrctfus  BtinctatMs 
Perciformes 
Gobiidae 

Pleuronectiformes 
Cynoglossidae 

Svmphurus  plaaiusa 
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Flared  Stations 

Benthic  inacroirivertdarate  density  varied  widely  in  the  fixed  stations  both 
spatially  and  temporally  (Figure  3.2-1).  The  range  of  total  macroinfauna 
abundance  went  front  a  hi^  of  9,205  individuals  -la”^  in  December  1986  (pre¬ 
disposal,  reference  station  5-1)  to  a  lew  of  396  individuals  -nT^  at 
statiOTS  4-4  (2-wb^  post-disposal,  disposal  area)  in  January  1987.  Ihe 
Icwesc  abundances  were  generally  found  in  the  disposal  area,  two  weeks  after 
the  disposal  event.  Abundances  generally  ranged  in  the  2,000  -  3,000 
organisms  -in"^  for  all  five  sanpling  events  (Figure  3.2-2).  IXiring  the  five 
surveys,  there  was  generally  a  decreasing  trend  in  totcil  average 
macroinfauna  abundances.  With  the  exception  of  the  May  sairpling  period  (20- 
week  post-disposcLL)  the  djsposcil  area  stations  showed  lowest  average 
abundances  vAiai  compared  to  the  other  strata.  The  number  of  species  (per 
sample)  shewed  marked  variations  across  both  statiexTS  and  •♦Jjnes  (’='igure  3.2- 
3 ) .  The  number  of  species  ranged  from  a  lew  of  6  taxa  at  fixed  station  4-1 
(reference  area)  during  the  20-WBek  post-disposal  sampling  event  to  a  high 
during  the  predisposal  (December  1986)  sampling  trip  of  35  taxa  at  station 
3-5.  G^ierally,  the  numbers  of  taxa  were  highest  during  the  predisposal 
period  and  decreased  sli^tly  with  each  sampling  event  through  May  1987  (20- 
week  post-disposcil) .  The  number  of  taja  (per  sample)  remained,  for  the  most 
part,  between  20  and  26  taxa  per  core  (Figure  3.2-4).  The  number  of  species 
at  several  stations  (4-3,  4-4,  4-5  and  5-3)  in  the  disposal  and  adjaceit 
fringe  areas  dropped  to  10-11  species  during  the  two-week  post-disposal 
sampling.  These  same  staticxis  were  the  same  ones  that  had  correspondingly 
low  numbers  of  individuals. 

Shannon-Weiner  diversity  ranged  from  a  low  of  1.18  at  staticxi  4-1  in  May 
1987  (20-week  post-disposal)  to  a  hi^  of  4.27  at  station  3-5  during  the 
predisposal  sampliiig  (December  1986)  as  shewn  in  Figure  3.2-5.  This 
parameter  shewed  less  variability  than  either  the  total  abundance  or  number 
of  species. 

A  total  of  113  taxa  were  identified  from  the  2-week  predisposed  survey 
(December  1986).  The  polycdiaetes  Armandia  maculata.  PndarkeoEsis 
levifuscina.  sirembra  taitaculata.  and  Paramndunome  culchella.  the  brittle 
star  (Ophiuridae)  Microphiooholis  aS33  and  the  acorn  worm  (Hemdehordata) 
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FIGURE  3.2-1.  TOTAL  ORGANISM  ABUNDANCE  AT 
THE  GULFPORT  HARBOR  FIXED.  STATIONS. 

(Number  —  M-2) 


2  We  e  t  s  Po  s  t 


6  Uie  e  k  8  Po  s  t 


FIGURE  3.2-3.  NUMBER  OF  INFAUNA  SPECIES 
COLLECTED  (PER  BOX  CORE)  AT  THE  GULFPORT 
HARBOR  FIXED  STATIONS. 


FIGURE  3.2-4.  NUMBER  OF  SPECIES  AT  THE 
VARIOUS  SAMPLING  AREAS  BASED  ON 
FIXED  STATION  DATA. 


Balanoalossus  c.f.  aurantiacus  were  the  dondnant  taxa.  Overall,  Artnarriia 
maculata  was  the  cSominant  species  numbering  from  about  500  to  over  4,000 
individuals  -m"^  an  a  station  basis.  A  large  amount  of  species  variability 
existed  throughout  the  study  area. 

one  hundred  four  (104)  taxa  were  from  the  2-weeOc  post-disposal  sairpling 
effort  (January  1987).  Armandia  maculata  was  again  the  dominant  organism 
althou^  numbering  somewhat  lower  (500  to  2,000  organisms  -m“2)  than  during 
the  2-week  predisposal  sampling.  Generally,  the  most  common  taxa  were  the 
same  as  during  predisposal  with  the  addition  of  the  Rhynchocoela  (LPIL)  as  a 
dominant  after  Armandia  maculata. 

Sampling  during  the  6-week  post-disposal  period  (February  1987)  yielded  100 
taxa  frxxn  the  fixed  station  grid.  Armandia  maculata  and  Paramphinome 
pylshslld  were  still  dominant  with  Siganfcca  tentaculata.  Microphiopholis 
asss  and  Balanoalossus  c.f.  aurentiacus. 

Twenty-week  post-disposal  sampling  (May  1987)  resulted  in  the  collection  of 
83  macroinfauna  taxa  with  Rhynchcxxela  and  Siaambra  tentaculata  becoming  the 
most  numerous  forms.  The  Cnidarian  Afrtinaria  was  found  in  large  numbers  at 
most  stations  along  with  the  usual  Podarkeonsis  le^/if uscina .  Microphiophol is 
atra  and  Paramphinome  pulchella.  Arrrv^ndia  maculata  was  found  to  occur  at 
only  four  stations  in  very  low  abundance  during  this  sampling  trip. 

The  52-week  post-disposal  sampling  produced  113  taxa  with  Rhynchocoela  and 
Meditanast-^g  ambiseta  at  the  dominant  organisms.  Armandia  maculata  was 
present  in  low  numbers  but  weis  not  a  dominant  during  this  sampling  period. 
This  change  in  dominance  possibly  represents  an  eunual  shift  due  to  changes 
in  hydrographic  regimes  from  the  previous  year. 

Spatial  Analysis 

The  fixed  station  data  lends  itself  to  display  of  two  and  three-diroensiavd 
surface  trend  plots  providing  there  are  enou^  staticxTS  to  provide  a 
meaningful  display.  For  the  Gulfport  Haxtxsr  Thin-layer  study,  abundances  of 
five  taxa  were  sufficient  to  prepare  plots.  These  taxa  were  Armandia 
maculata,  Siqambra  tentaculata.  PndarkporKis  levlfuscina.  RaTanntjinftgtiR  c.f. 
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aurentiacus  and  Microphiopholis  atira  and  are  presented  respectively  in 
Figures  3.2-6  through  3.2-10. 

Amandia  maculata  (Figure  3.2-6)  displayed  large  spatial  variability  with 
the  hi^>est  densities  generally  occurring  in  the  central  portion  of  the 
study  area,  especially  during  the  2-week  predisposal  period.  A  notable 
decline  in  Armandia  abundance  is  noted  during  the  two-week  post-disposal 
survey  in  the  disposal  area.  A  sli<^t  recovery  is  noted  during  the  6-week 
post-disposal  survey  during  a  period  of  general  decline  of  the  organism 
throughout  the  study  area.  By  the  20-week  and  52-week  post-disposal 
samplings,  Armandia  is  absent  from  most  of  the  study  area.  There  were 
significant  spatial  (station)  and  temporal  (sampling  period)  differences  in 
this  species  as  determined  by  ANOVA  (Table  3.2-2).  Spatially,  significantly 
fewer  Armandia  were  found  in  the  disposal  area  during  the  2-week  post- 
disposal  sampling. 

The  abundance  of  Sioarobra  tentaculata  was  hii^est  during  the  2-week  post¬ 
disposal  period  with  abundances  >1,800  organisms  -m"'^  occurring  in  the  un- 
inpacted  south  eastern  quadrant  of  the  study  area  (Figure  3.2-7).  By  ANOVA, 
this  species  showed  only  a  significant  temporal  (seasonal)  variation  with 
highest  numbers  found  during  the  52-week  (January  1988)  post-disposal 
survey.  Overall,  icwest  cibundaix%  of  tins  species  was  ouring  the  6-week 
post-disposal  period  ( February  1987 ) . 

rcdaikeopsis  lavifuscina  displayed  its  highest  abundance  in  the  central 
portion  of  the  study  area  for  all  the  periods  sampled  (.figuLS  j.2-o).  A 
general  decline  in  numbers  peuralleling  the  decline  seen  in  total 
macroinfauna  abundance  was  the  most  notable  feature  in  these  displays.  By 
ANOVA,  this  species  showed  significant  spatial  and  temporal  variation  with 
the  lowest  numbers  found  in  the  scuthwestem  reference  area  and  in  the 
disposal  area.  All  areas  had  significantly  lower  numbers  of  Podarkeopsis 
during  the  52-week  post-disposcil  sampling. 

The  Hemichordate  Balanoalossus  c.f.  aurantiacus  showed  a  highly  variable 
pattern  for  the  first  three  surveys  (Figure  3.2-9).  Sharp  peaks  were  noted 
slightly  north  east  of  the  central  portion  of  the  study  area.  A  general 
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FIGURE  3.2-6.  ABUNDANj 
MACULATA  (POLYCHAETA  i 
AT  THE  GULFPORT  HARBc] 


FIGURE  3.2-6.  ABUNDANCE  OF  ARMANDIA 
MACULATA  (POLYCHAETA  :  OPHELIDAE) 

AT  THE  GULFPORT  HARBOR  STUDY 


AB(J\ioA/\‘cr  ( Nc< .  -  ntP) 


AnUNUANCE  ( Ah  .  -  ni'E) 


figure  3.2-8.  ABUNDANCE  OF  PODARKEOPSIS 
LTVIFUSCINA  (POLYCHAETA  :  HESIONIDAE) 

AT  THE  GULFPORT  HARBOR  FIXED  STATIONS. 


ABUNDANCE 


figure  3.2-9, 
AURANTIACUS 
AT  THE  GULFP 


FIGURE  3.2-10  ABUNDANCE  OF  MICROPHIOPHOUS 
ATRA  (OPHIUROIDA;  OPHIURIDAE)  AT  THE  GULFPORT 
HARBOR  nXED  STATIONS. 


Table  3.2-2.  ANOVA  tables  for  the  major  taxa,  Gulfport  Harbor  Study 


SOURCE 

F 

TAIL 

FRDB. 

SIGNIFICANCE 

Armandia 

MEAN 

180.72 

0.0000 

*** 

maculata 

PERIOD 

32.98 

0.0000 

*** 

STATICW 

3.97 

0.0037 

** 

PS 

1.29 

0.2000 

Siqambra 

MEAN 

125.53 

0.0000 

tentaculata 

PERIOD 

5.84 

0.0002 

*** 

STATION 

0.27 

0.8961 

PS 

0.57 

0.9060 

fQdaclsgggGis 

MEAN 

342.26 

0.0000 

levifuscina 

PERIOD 

23.14 

0.0000 

*** 

STATION 

10.71 

0.0000 

*** 

PS 

1.34 

0.1748 

BaJLanoglQggus 

MEAN 

129.73 

0.0000 

*** 

c.f.  aurantiacui 

3  PERIOD 

12.53 

0.0000 

*** 

STATION 

7.64 

0.0000 

*** 

PS 

1.87 

0.0234 

MicroDhioDholis 

MEAN 

387.01 

0.0000 

*** 

atra 

PERIOD 

3.74 

0.0121 

STATION 

3.31 

0.0119 

PS 

0.74 

0.7073 

Rhynchocoela 

MEAN 

925.17 

0.0000 

*** 

PERIOD 

77.51 

0.0000 

*** 

STATION 

1.88 

0.1137 

PS 

2.21 

0.0054 

** 

Error  Degrees  of  Freedom  »  275  for  all  species  (n-300). 

***  .  very  highly  significant  difference 
**  a  highly  significant  difference 
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decreasing  trend  over  time  is  also  noted  for  this  species  which  was  not 
present  during  the  52-week  post-disposcil  survey,  another  indication  of  an 
annual  hydrographic  induced  community  change.  ANOVA  showed  significant 
spatial  and  tenporal  differences  for  this  species  as  well.  Significantly 
reduced  numbers  were  noted  during  pre-disposal  and  2-week  post-disposal 
periods  at  the  disposal  stations  and  at  the  disposal,  fringe  and 
northeastern  reference  areas  6-weeks  post-disposal.  Based  on  the  ANOVA 
observations  above  and  the  spatial  variability  noted  with  this  species,  tl.a 
reduction  noted  during  the  6-weeks  post-disposal  is  most  probably  d>ae  to  a  a 
seasonal  event  rather  than  an  operational  one. 

The  brittle  star,  Microtjhiophol is  atra  was  also  quite  variable  but  showed  a 
definite  increase  moving  east  in  the  study  area  (Figure  3.2-10).  Lowered 
abundance  (significant  by  ANOVA)  during  the  2-week  post-disposal  survey  was 
noted  in  the  vicinity  of  the  disposed,  area  and  the  southwestern  reference 
area  but  was  not  evident  in  the  6-week  and  20-week  displays  vhen  nunbers  had 
increased  again.  The  noticeable  decline  in  abundance  of  the  other  major 
taxa  was  not  evidait  for  this  species  until  the  52-week  post-disposal  survey 
;(hen  its  nunbers  decreased. 

Rhynchoooela  were  another  doninant  taxa  (with  an  overall  mean  of  382 
individuals  -m~2)  during  the  study  vhich  showed  significant  annual  changes. 
Significantly  hi<^Ter  abundances  for  these  organisms  were  found  during  the 
52-week  post-disposal  survey.  No  significant  spatial  trends  were  detectable 
by  ANOVA  indicating  no  impact  due  to  dredged  material  disposal. 

Results  of  the  aneilyses  on  total  roacroinfauna  abundance  shewed  (fixed 
statiems)  hi<^y  significant  differaioes  both  tesnporally  and  spatially  with 
the  lowest  mean  cibundanoes  from  the  disposed  stations  on  the  2-week  post- 
dispos2d  and  6-wedc  post-disposzd  sanpling  periods  with  values  of  1793 
orgcinisins  -m~^  and  1884  organisms  -itT^  respectively.  Ihe.  other  eireas  shewed 
no  statistic2dly  significant  differences. 
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Numbers  of  species  for  the  fixed  stations  also  exhibited  significant  spatial 
and  temporal  differences.  Ihe  lowest  VEilues  were  from  the  West  reference 
area  during  the  20-week  post-disposeil  (14.1  taxa)  and  from  the  2-we^  post¬ 
disposal  area  (17.0  taxa).  As  noted  earlier,  the  major  trend  in  nuitber  of 
species  was  a  decrease  in  number  with  time  over  the  entire  study  area. 

Cluster  analysis 

The  Q-rtcde  (station)  analysis  for  the  2-week  predisposed  survey  generally 
shewed  an  east-west  division  in  terms  of  inter-station  similarities  (Figure 
3.2-11)  for  instance,  a  cluster  was  formed  between  fixed  stations  6-6 
throui^  6-10  and  stations  4-10  and  5-10  (OIUS  60,55,59,56,57).  This  is  not 
surprising  since  the  east-west  axis  was  the  greatest  distance  separating  the 
£tati>aTS. 


Species  (r-mode)  analysis  for  the  predisposal  sampling  (Figure  3.2-12) 
showed  clusters  between  Microphiocholis  atra  and  Balanoalossus  c.f. 
aMTcintiacvg  (OIUS  39  and  a),  Armandia  maculata.  levifuscina, 

and  Rhynchocoela  (OIUS  6,  59  and  65)  and  between  Sioaitibra  tentaculata . 
Parawricpggpio  piOData,  Mediemastus  calif omiensis.  and  Oovrides 
alphaerpstrig  (crius  68,56,38  and  49).  Generally  these  were  the  most 
abundant  species  collected  during  this  sampling  period. 

The  Q-mode  cluster  analysis  for  the  2-week  post-dispo6^d  sampling  period  is 
presented  in  Figure  3.2-13.  The  same  East-West  polarizatioi  was  noted  in 
terms  of  most  of  the  clusters.  Of  particular  note  was  the  clustering  of 
stations  4-3,  4-4,  eind  5-3  (CTUS  34,35  and  43)  eill  of  which  are  in  the 
impacted  portion  of  the  disposal  area.  This  clustering  indicates  that  a 
cxnrnunity  shift  occurred  in  additicxi  to  the  lowered  organisms  abundance 
noted  previously. 

The  same  species  associations  found  during  the  predispos^ll  survey  were  noted 
during  the  2-week  post-disposal  sampling  period  (Figure  3.2-14).  No  other 
particular  associations  of  note  were  found. 

The  6-week  post-disposal  Q-mode  emzdysis  had  a  more  randomized  nature  to  the 
station  associatiexs  (Figure  3.2-15).  Some  of  the  East-West  traids  remained 
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FIGURE  3.2-11  Q-MODE  CLUSTER  ANALYSIS  FOR  THE  2-WEEK 
PRE-DISPOSAL  SURVEY. 


FIGURE  3.2-12.  R-MODE  CLUSTER  ANALYSIS 


rUf^BELLARIf' 

.'lUCULAr.'fl  1°  ■  8 
MAGELONA  SP. 

MAGELONf  CINCTA 
MVRIOCHELE  OCULATA 
THARYX  SP. 

3HAWANIA  HETEROSETA 

cirritulioae 

paRANDALIA  AMERICANA 
EUOORELLA  MOMOOON 
HEMIPHOLIS  ELONGATA 
PQLYDORA  SP. 

APQPRIONOSPIO  SP. 
phylLODOCE  ARENAE 
rRACHYPENAEUS  CONSTRICTUS 
GLYCERA  AMERICANA 
OWEN  1 1  DAE 
NEANTHES  SP. 

MySELLA  planulata 
LEUCON  AMERICANUS 
ACTEON  PUNCTOSTR I ATUS 
NDTOMASTUS  SP. 

sigambra  wassi 

E'JMBRINERIS  SP. 

EP  IDASIHEN  I  A  SP  .  B 
RCHISTQMERINGOS  RiJOOLPHI 
nuculana  acuta 
CORQPHIUM  tuberculatum 
S ICAl lONIDAE 
PHASCOLION  SP. 
nuculana  SP. 

NASSARIUS  ALBUS 
MYSELLA  C.P.  planulata 
ANADARA  OVALIS 
APRA  AEOU'AlIS 
NUC'JLANIPAE 
OWENIA  FUSIPORMIS 
E'EONE  HE 7EROPODA 
SIHENELAIS  SP. 

CIRRIPQPMIA  SP. 

C'CLASPIS  VARIANS 

OXYUROSTYLIS  SMITHI 

L ISTRIELLA  BARNARDI 

hAMINOEA  SUCCINEA 

DORVILLE lOAE 

DINNIXA  OEAPSEI 

NOTOmASTUS  lOBATIJS 

ANC ISTROSYLL IS  JONESI 

COSSURA  delta 

ASYCHIS  ELONGATUS 

sigambra  TENTACULATA 

PQDARKEOPSIS  LEVIFiJSCINA 

BAL ANOGLOSSUS  C.P.  AURANTIACUS 

PHYNCHOCOELA 

ARMANDIA  maculata 

PARAPRIONQSPIO  PINNATA 

MEDIOMASTUS  SP. 

GLYCINDE  SOLITARIA 
MICROPHOHS  ATRA 
MAlMCRENIELLA  SP.  A 
OCYRIDES  ALPHAEROSTRIS 
COSSURA  SOYERl 
PARAMPHINOME  pulchella 


FIGURE  3.2—14.  R— MODE  CLUSTER  ANALYSIS 
FOR  THE  2-WEEK  POST-DISPOSAL  SURVEY. 
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but  were  less  distinct.  The  static^s  noted  in  the  2-week  post  disposal 
survey  as  being  closely  associated  in  a  single  cluster,  stations  4-3,  4-4 
and  5-3  (CTEUS  34,35  and  43)  were  found  in  entirely  separate  clusters  during 
this  sampling.  Generally  the  species  (r-mode)  associations  during  this 
survey  remained  the  same  (Figure  3.2-16). 

The  20-week  post-disposad  survey  Q-mode  analysis  was  similar  to  the  6-week 
analysis  in  that  no  clear  pattern  across  stations  were  noted  (Figure  3.2- 
17).  The  same  species  clusters  (Figure  3.2-18)  were  also  noted  except  that 
Armandia.  which  was  a  dominant  in  the  previous  samplings,  was  no  Icsiger 
associated  with  its  former  species  groip.  It  is  assumed  that  low  abundance 
during  the  month  of  May  contributed  to  its  movement  to  another  grotp. 

The  52-week  Q  mode  analysis  resulted  in  two  major  groupings  that  spanned  the 
entire  study,  testifying  to  the  homogeneity  of  the  environment  (Figure  3.2- 
19).  For  example,  station  6-10  (extreme  southecist  comer)  and  staticsis  2-2 
and  1-3  (northwest  comer)  are  clustered  together.  A  similar  situaticsi  was 
noted  for  the  southwest  cuxi  northeastern  comers.  The  disposed  staticxis 
were  also  distributed  among  several  groups  and  did  not  shew  an  consistent 
pattern.  The  closest  association  in  the  r-mode  analysis  (Figure  3.2-20)  was 
between  the  taxa  Microphiopholis  atra.  Paraorionospio  pinnata.  Medioroastus 
airbiseta.  rhynchocoela  and  Cyclaspis  c.f.  varians  which  consisted  of  the 
most  common  species  during  this  sampling  period. 

Random  Staticxis 

Data  on  the  raacroinfauna  collected  from  the  random  stations  are  presented  in 
^pendix  C  (Part  I).  They  provide  information  relative  to  the  adequacy  of 
sampling  for  the  fixed  stations  and  represent  a  pool  of  data  that  is 
generally  more  usable  from  a  statisticed  viewpoint,  primarily  because  of  the 
amount  of  replicaticn.  In  other  words,  the  data  from  this  aspect  of  the 
sampling  are  designed  to  provide  a  body  of  information  that  can  withstand 
the  rigors  of  analyticed  statisticed  scrutiny.  Cn  the  other  hand  they 
represent  informatiOTi  on  a  more  limited  eurea  spatially,  and  for  that  reason 
may  have  einother  bias.  In  any  case,  inclusion  of  both  fixed  and  random 
stations  provides  the  opportunity  to  see  the  weakness  and  strength  of  both 
sampling  methods  in  detecting  biological  changes. 
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RGURE  3.2-16.  R-MODE  CLUSTER  ANALYSIS  FOR  THE  6-WEEK 
POST-DISPOSAL  SURVEY. 


FIGURE  3.2-17.Q-M0DE  CLUSTER  ANALYSIS  FOR  THE  20-WEEK 
POST-DISPOSAL  SURVEY. 


'JTRICULASTREA  CANALICULATA 
TURBELLARIA 

ouvllODOCE  ARENAE 
_  I  i-IER  IS  5-. 

^''.RAMPHINOME  “ULCHELLA 
ANCISTROSYLLIS  JONESI 
PARANDALIA  AMERICANA 
A5YCHIS  ELONGATUS 
MAGELONA  5P. 

ACTEON  PUNCT05TRI ATUS 
HAMINOEA  SUCCINEA 
HEMIPHOLIS  ELONGATA 
SCHISTOMERINGOS  C.E.  RUDOLPHI 
PECTINARIA  GOULDII 
LEUCON  AMERICANUS 
3HAWANIA  HETEROSETA 
POTAMILLIA  C.F.  RENIFORMIS 
MEGALOMMA  BIOCULATUM 
NEANTHES  MICROMMA 
MALDANIDAE 

PRIONOSPIO  CIRRIFERA 
OGYRIDES  ALPHAERGSTRIS 
ANADARA  OVALIS 
MYRIOCHELE  OCULATA 
ARMANDIA  MACULATA 
'='INNIXA  PEARSEI 
MVROPHIS  PUNCTATUS 
CIRRIFQRMIA  SP. 

MICROPROTQPUS  RANEI 
CGRVILLEIDAE 
DIPLODONIA  PUNCTATA 
=OLYDORA  SOCIALIS 
f-'UL  I  NT  A  L  ATERAL  TS 
'^‘^ASCOL  I  ON  SP. 

NEANTHES  SP. 

NASSARIUS  acutis 
r:DTOMASTUS  LOBATUS 
MAGELONA  PETtIBONEAE 
N'UCULANA  SP.  B 
MEDIOMASTUS  SP. 

COSSURA  SOYERI 
EIGAMBRA  tentaculata 

RHYNCHOCOEL A 
INI  OAR] A 

MICROPHOLIS  ATRA 
mAlMGRENIELLA  SP.  A 
MEDIOMASTUS  C AL I F ORN I ENS I S 
=OLYDORA  SP. 

PODARKEOPSIS  LEVIFUSCINA 
BAL ANOGLOSSUS  C.F.  AURANTIACUS 
GLYCINDE  SOLITARIA 
PARAPRIONOSPIO  PINNATA 
AMPHARETE  PARVIDENTATA 
COSSURA  DELTA 
OXYUROSTYLIS  SMITH! 

NUCULANA  SP. 

EUDORELLA  MONODON 
MYSELLA  PLANULATA 


FIGURE  3.2-18.  R-MODE  CLUSTER  ANALYSIS 
FOR  THE  20-WEEK  POST-DISPOSAL  SURVEY. 
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FIGURE  3.2-20.  R-MODE  CLUSTER  ANALYSIS 
FOR  THE  52-WEEK  POST-DISPOSAL  SURVEY. 


The  random  station  results  show  nuch  less  variability  in  terms  of  overall 
nuntiers  siroe  the  data  from  multiple  r^licates  are  pooled  (Table  3.2-3>. 
Average  abundances  ranged  from  3,713  organisne  -ra~2  (Disposal  area,  2-wee)c 
post-disposed)  to  a  lew  of  1,710  organisms  -m“2  (Disposal,  20-week  post- 
disposal).  Nb  obvious  spatial  or  tesrporal  trend  was  notable  in  the  average 
abundance  data  from  the  random  station  collections  probably  because  any 
differences  were  averaged  cut  in  the  "random"  saitpling  technique. 

Number  of  species  ranged  from  a  low  of  38  taxa  at  station  C-3-2,  2-week 
post-disposal  saitpling  to  a  hi^  of  78  taxa  at  station  C-2-9,  2-week 
predisposed  sampling.  A  trend  of  decreasing  numbers  of  species  with  time 
was  noted  at  the  random  sites,  paralleling  the  sane  trend  that  was  noted  at 
the  fixed  stations. 

The  species  vhich  dominated  the  fixed  station  oomnunity,  Amandiw  maculata^ 
sioambra  teataculafca>  Podartoopsis  levifxjscina.  Microphionholis  atra  and 
Balanoqlossus  c.f.  aurantiacug  were  also  the  dominants  in  the  random  station 
sanples. 


pioinass 

Total  macroinfauna  biomass  (wet  wei^rt)  for  the  major  groups  and  for  the 
dominant  taxa  are  presented  in  Table  3.2-4  and  Figure  3.2-21.  Total  biomass 
ranged  from  12.4  grans-mT^  to  44.74  grams  -mT^  with  the  lowest  vedue 
oocurring  at  the  disposal  stations,  2  and  6  weeks  post-disposal. 

Bchinoderms  made  up  the  bulk  of  the  oonnunity  in  terms  of  biomass.  A  noted 
decline  in  total  biomass  was  observed  in  the  disposal  area  during  the  2  week 
post-disposal  survey  concomitant  with  an  increase  in  biomass  in  the  fringe 
and  reference  areas.  By  the  6-week  sampling  however,  the  total  biomass  at 
the  disposal  site  was  approaching  levels  similar  to  the  other  areas. 


E-93 


Table  3.2-3.  Average  raacroinfauna  abundance  and  number  of  species  from 


the  randcri  station  sampling. 

Total 

MDMIH 

STATION 

avef;-GE±std 

#  Spec 

DEC 

C-2-9 

2774±523 

78 

C-4-1 

3596+2207 

66 

2-Week 

EH4-6 

2746±492 

76 

Predisposal 

D-5-5 

2434+1313 

61 

F-3-5 

4318±1565 

63 

F-5-8 

2317+667 

59 

JAN 

C-2-2 

2477+376 

55 

C-3-2 

2537+901 

38 

2-Week 

D-5-6 

2168±652 

58 

Post-disposal 

D-5-7 

3712+916 

61 

F-3-7 

2320±682 

52 

F-3-8 

2904+1077 

62 

FEB 

C-1-4 

2534±765 

57 

C-4-10 

2735+652 

58 

6-Wefck 

D-4-4 

1766+714 

42 

Bast-disposal 

D-5-5 

2164±571 

51 

F-3-5 

2237+897 

43 

F— 6— 4 

2573±1041 

52 

MAY 

C-1-8 

1923±480 

48 

C-3-4 

2072±944 

45 

20-Week 

D-4-7 

1708+639 

51 

Post-disposcil 

D-5-6 

2255±877 

50 

F-4-2 

3831±1166 

49 

F-5-8 

2124±701 

43 

JAN 

C-1-2 

2509+739 

59 

C-3-9 

2069+928 

51 

52  Week 

EK4-7 

2788±1136 

53 

Post-disposal 

D-5-5 

3680+1146 

69 

F-4-3 

3643±1360 

56 

F-6-6 

4985+919 

63 

Station  prefix:  C  =  Reference  Stations,  D  =  Disposal  Stations, 
F  =  Fringe  Stations. 
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since  the  arganisne  dominating  the  total  bicmass  were  the  larger  taxa 
(echinoderuB)  it  is  conceivable  that  the  majoritY  of  the  individuals  could 
have  migrated  out  of  the  disposal  area  following  disposal.  However  it  is 
lively  many  were  sinply  buried.  Since  a  significant  biomass  of  these 
organiEmB  were  found  2-weeks  post-disposal  there  is  some  evidence  that  at 
least  some  individuals  may  have  burrowed  up  through  the  thin  layer. 

Biomass  of  the  other  individual  taxa  showed  variable  trends.  Annandia  and 
other  polychaete  biomass  showed  slightly  higher  levels  at  the  2-week  post- 
disposed  period  indicating  this  groi^  r^xunded  rapidly  following  the 
disposal  event,  since  lower  numbers  of  individuals  of  these  organisms  were 
found  2  and  6-weeks  post-disposed,  we  conclude  that  the  orgeuiisms  must  have 
been  larger  Individueds  than  those  collected  predisposed.  Lowered  biomass 
in  the  disposal  area  was  noted  for  the  Crustacea  and  hemioofrdates  following 
the  disposed  event. 


The  anedysls  of  the  additional  sanples  for  recruitment  eure  presented  in 
Table  3.2-5  and  Figure  3.2-22.  Based  on  the  observed  infoontion,  there 
were  no  major  recruitment  events  during  the  winter  months  of  December, 
January  and  Febnjary.  A  decline  can  be  seen  in  the  number  of  organisms  in 
the  recruitment  samples  collected  in  January  when  oonpared  to  the  December 
samples.  In  part  this  lack  of  recruitment  is  probably  due  to  the  sparse 
amount  of  r^nroduction  usually  found  during  the  colder  months.  In  any  case 
the  decline  was  noted  throughout  the  study  area  including  the  fringe  and 
reference  areas.  It  should  be  noted  that  meiofauna  taxa,  nematodes  and 
copepods,  dominated  all  the  recruitment  samples  indicating  a  lew  amount  of 
macroinfauna  recruitment.  Of  the  truly  macroinfauna  taxa,  polychaetes  were 
the  most  dominant  taxa  in  the  recruitment  samples. 
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Table  3.2-5. 


Results  of  analysis  on  Recruitment  Samples. 
Reported  in  Qrganisms/cra^. 


Numbers 


Nematodes 

Bolychaeta  Crustacea 

Mollusca 

Pre 

Reference 

1.70 

1.53 

1.26 

0.24 

Fringe 

2.28 

1.41 

1.96 

0.39 

Disposal 

1.82 

0.44 

0.85 

0.12 

Post  2 

Reference 

0.81 

0.48 

0.45 

0.17 

Fringe 

0.98 

0.57 

0.39 

0.12 

Disposed 

0.62 

0.43 

0.07 

0.04 

Post  6 

Reference 

0.69 

0.52 

0.23 

O.K 

Fringe 

0.63 

0.45 

0.22 

0.18 

Disposal 

0.70 

0.46 

0.19 

0.12 
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FIGURE  3.2-22.  RECRUITMENT  SAMPLE  ANALYSIS 
I  FOR  THE  GULFPORT  HARBOR  STUDY.  REPORTED  IN 
#/CM  SQUARED. 
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3.2.2 


Profile  anaaerv. 


The  suxsssional  stage  of  the  benthcs  can  range  from  azoic  cGmunities  (O) , 
pioneering  (I),  intermediate  (II)  to  climax  (III)  ccnitiunities  as  described 
by  Gensano  and  Rhoads  (1986) .  Pioneering  ocnnunities  are  dondnated  by 
smaller  organisms  with  little  ability  to  burrow  more  than  a  few  millimeters 
into  the  substrate.  Ihe  taxa  are  dcniinated  by  deposit  feeding  organisms 
with  sucking  type  of  feeding  apparatus.  Climax  ocnnunities  are  dominated  by 
larger  invertebrates  that  are  adapted  to  de^  burrowing  activity.  The  taxa 
contain  many  larger  ”tc¥)-down  feeders”  and  a  large  variety  of  predatory  type 
organisms. 

Disregarding  the  stations  with  obvious  physical  disturbances  (mud  lun^, 
clasts  etc. ) ,  no  eizoic  areas  were  found  during  any  of  the  monitoring 
periods.  Most  of  the  areas  were  classified  as  late  Stage  II  or  Steige  III  in 
the  sedimaTt  profile  images.  Typiceil  Icirger  type  organisms  were  found  such 
as  the  acorn  worm  Balanoqlossus  ^  the  brittlestar  Micrcphiopholis  and 
especially  the  large  holothurian  Leptosvnapta  ;>hich  are  indicative  of  the 
ad'^nced  stage  III  comunity.  The  presaxe  of  dense  tube  mats,  primarily  on 
the  dredged  materieils  following  the  disposal  event  (2  and  e-weeks  post- 
disposed)  indicated  enhanced  survival  or  enhanced  settlement  relative  to 
background  conditions  or  both.  These  images  were  classified  as  Stage  I  over 
a  Stage  II  or  III  ooniuunity,  and  r^xesent  a  decline  in  the  overall  benthic 
oomnunity  because  of  the  dredged  materied  disposal.  The  comtunity  returned 
to  a  class  III  conmunity  by  the  20-week  disposed  period  indicating  a 
recovery  of  the  ooninunity  hz»d  ocurred.  The  coranunity  during  the  52-wedc 
period  was  also  a  class  III  type  as  noted  during  the  predisposal  and  20-week 
post-disposed  periods. 


3.2.3 
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al  ctssmisms 


unlike  the  more  sessile  cetcroinfauna  oonnunity  described  above,  the 
fisheries  ccnnunity  represents  a  hi^dy  dynamic  gircx^  of  populations  with 
the  ability  to  avoid  numerous  environoental  perturbations,  both  natural  and 
mamade.  Also,  since  danersed  organisms  usuedly  represent  the  next  trcphic 


E-lOO 


level,  ie.  th^  feed  i?xxi  the  macroinfauna  (Xintuunity,  their  respcxise  can  be 
another  indicaticxi  of  environmental  changes. 

During  all  fisheries  collections  a  total  of  11,768  fishes  were  collected, 
representing  38  species  within  23  families  (Table  3.2-6),  during  a  series  of 
five  field  efforts  in  December  1986,  January,  February  and  May  1987,  and 
January  1988.  The  most  abundant  vertebrate  species  collected  was  Anchoa 
Tnitrbilli.  bay  anchovy,  with  4,507  individuals  representing  38.30  percent  of 
the  overall  total.  Arius  felis .  hardhead  catfish,  was  the  next  most  abundant 
species  with  3,779  specimens  representing  32.11  percent  of  the  overall 
total.  Ihe  third  most  abundant  taxon  was  MicropoaCTuas  undulatus.  Atlantic 
croaker,  with  1,320  individuals  representing  11.22  percent  of  the  overall 
total.  These  and  other  overall  vertdorate  species  totals  and  percent 
oompositicxi  data  are  presented  in  Table  3.2-7.  Of  the  38  species  collected, 
the  ten  most  abundant  represent  over  95  percent  of  the  overall  total. 

The  invertebrate  taxa  represented  a  smaller  but  ncnetheless  important 
porticn  of  the  fisheries  collecticxis  with  white  shritip,  Paoaeus  setiferus. 
and  blue  crab,  Callinectes  saoidus.  representing  over  50  percent  of  the 
total  invertebrates  collected  (Table  3.2-8). 

Over  the  course  of  the  monitoring  period,  distinct  variaticns  in  the  major 
vertebrate  species  abundance  and  compositiOTi  were  present  (Table  3.2-9). 
During  December  1986  (2-week  predisposcil) ,  901  fishes,  r^nresaTting  17 
species,  were  collected  with  Anchoa  mitchilli  being  the  most  abundant. 

Samples  fran  January  (2-week  post-disposal)  oollecticns  shewed  a  distinct 
drop  in  both  number  of  species  and  species  abundance.  A  total  of  483 
individuals,  repres«Tting  14  ^}ecies,  were  collected  with  Anchoa  mitchilli 
ageiin  being  the  most  abundant.  F^aruary  (6-wBek  post-disposal)  field 
collections  totcdled  1,814  individuails,  though  over  58  percent  were 
r^nresented  by  one  species  of  the  23  collected,  Anchoa  mitchilli .  May  (20- 
week  post-disposal)  collections  were  represented  by  29  species  and  7,678 
total  individuals  of  vhich  the  Arius  felis  vas  the  most  abundant.  Jbne  (52- 
week  post-disposal)  collections  were  again  dominated  by  Anchoa  mitchilli 
with  only  ten  vertfbrate  taxa  collected. 
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Table  3.2-6.  Wiylogenetic  listing  of  all  organisms  cxsllecbed 
in  Gulfport  Harbor  trawl  samples. 


Hiylum 

Class 

Order 

Family 

Genus  species 


Mollusca 

Gastropoda 

Archaegastropoda 

Naticldae 

Polinices  sp. 

Cephalcpoda 

Teuthoidea 

loliginidae 

Lolliquncula  teevis 

Arthropoda 

Crustacea 

Stonatopoda 

Squillidae 

Souilla 

Decapoda 

Paiaeidae 

Penaeus 

Psnaais  sgti£gr\B 
Sicymia 

Alpheidcie 

Alpheus  is 

Paguridae 

Pacjurus  SC> 
Poroellanidae 
Portunidae 

frail  sapidug 

Chordata 

Chondrichthyes 

Rajifomes 

Oasyatidae 

nagyatis  sabina 

Osteichthyies 

Clipeifatmes 

ClupeidM 

Breyportia  patranus 

nnrnt>em  pgtglgge 

Ehgraulidae 

Ancfaoa  bwpBitua 

iuixa  aitchilli 
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Table  3.2-6.  (Ooitinued). 


Riylura 

Class 

Order 

Family 

Gentis  species 


Siluriformes 

Ariidae 

felis 

liatrachoidiformes 

Batrachoididae 

Porichthys  plectrodon 

Gadiformes 

Gadidae 

Urophvcis  floridana 
Gasterosteiformes 
Syngnathidae 

Hippocamixis  erectus 
SyrCTiathus  louisianae 
Perciformes 

Pcnetcmidae 


Pomatcigus  saltatri>- 
Carangidae 

Chlorosocntirus  chrysunjg 
Sparidae 

ArdlOS«rg\g  prcbatocephalu- 
LacKxton  rhcroboides 
Sciaenidae 

Bairdiella  cfaysgijra 
Cvnoscion  arenarius 

CynoSCion  npHiInmiR 

Leiastcrous  xanthurus 

lari  muff?  fsisciatug 

Menticirrhus  atsscianys 

Microcodonias  yndulatug 
MLigilidae 

{fyoil  cqphaluR 
Gobildae 

Cnhirry^lluR  hastatUS 
Ilrictiiuridae 

Trlchiurus  IggfamB 
Socntaridae 


SogDfcfiCBBQjs  macalaftis 

Strcnateiclae 

Peprilus  alepidotus 

Penriius  teiacanttws 


Table  3.2-6.  (Oofitinued) . 


Phylum 

Class 

Qrcier 

Family 

Genus  species 


4 


Triglidae 

Prinnotais  rublfi 
Prinnnftnw  scitUlUS 
PrinnotuR  tribulus 
PleurtM>ectif acmes 
Bcthidae 


guadrscellata 
Citharichthvs  spilOPterus 
Etropus  crossotus 
Soleidete 


Tf-inaritoR  war!ii1at3iR 

CynoglossicUie 

Svnchurus  olaaiusa 
Tetraodontiformes 
Bcilistidae 


Manacanthus  hispidus 
Tetraodcntidae 


Diodontidae 


parvus 


Gtulqnygtecvis  sctioepfi 
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Table  3.2-7.  Overall  aHmrfanro  and  percent  of  the  major  vert^arate 
taxa  collected  during  the  fisheries  survey. 


Total 


Percent 

Ocnpasiticn 


TaHimis  fasciatus 
Peorilus  algpidptus 
Anchoa  hepsetus 
HiDPxarocus  erectus 
Gobicnellus  hastqtUS 


Table  3.2-7.  (Continued). 


Taxa 

Total 

Percent 

Ooirposition 

3 

* 

2 

* 

2 

* 

2 

* 

APCftoeargus  PECbatoceohalus 

2 

* 

Chiloravcterus  schoeofi 

1 

* 

Lacpdon  rhonboides 

1 

* 

Monacanthus  hisoldus 

1 

* 

Ifiigil  oaohalus 

1 

* 

1 

* 

SoonbennQnjs  maculatus 

1 

* 

Total 

11,768 

♦  Less  than  one-tenth  percent. 
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Table  3.2-8.  Overcdl  abundance  and  percent  oompositicn  of  the  major 
invertdarate  taxa  collected  during  the  fisheries  survey. 


Taxa 

Total 

Percent  OompositiOTi 

P^naeus  ggtifecvg 

337 

27.94 

287 

23.80 

Squilla 

209 

17.33 

135 

11.19 

Penaeus  aztecus 

114 

9.45 

Totals 

998 
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Table  3.2-9.  Abundance  by  field  effort,  for  the  major  vertAirate  taxa 
collected  during  the  fisheries  survey. 


Taxa 

2  We^ 
Pre* 

2  We^ 
Post* 

6  We^ 
Post* 

20  We^ 
Post* 

52  Week 
Post* 

Arius  fells 

0 

1 

15 

3,763  . 

0 

mitchilli 

614 

326 

1,054 

1,733 

780 

21 

1 

42 

1,251 

5 

PriffllQtuS  triixilus 

68 

63 

151 

116 

3 

113 

9 

139 

7 

6 

PPCQgqma  petenense 

0 

0 

49 

184 

5 

Pepcilus 

28 

22 

15 

153 

83 

7 

0 

199 

3 

6 

Etrofcys  crossotus 

15 

27 

28 

39 

1 

1 

0 

0 

102 

0 

*  Pre  and  post-dredged  roateriad  disposal. 
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In  order  to  detect  subtle  shifts  in  the  demersal  organism  (xnmunity,  we  have 
employed  varicus  descriptive  statistics  including  the  previous  tabular 
displays  of  sunmary  data  and  normal  (Q-mode)  and  inverse  (r-mcxte)  cluster 
analyses.  These  techniques  provide  the  most  useful  method  of  describing  the 
data  and  can  then  be  related  to  similEtr  techniques  used  for  describing  the 
macroinfauna  ooinnunity.  In  this  way,  the  relaticnships  between  the  dredging 
iitpacts  seen  in  one  oorammity  can  be  related  to  cteerved  changes  in  another. 

The  Q-mode  cluster  analyses,  Figures  3.2-23  throu^  3.2-30,  were  developed 
using  the  Bray-Curtis  resemblance  measure.  These  figures  present  a  series 
of  similarity  groupings,  by  sampling  period,  for  all  diel  collections  within 
the  four  sanpling  areas.  This  allows  for  spatial  as  well  as  diel 
oonparisons.  Tables  3.2-10  throu^  3.2-17  are  arranged  respective  to  the 
figures  providing  tabular  data  sunmaries  and  a  reference  for  both  sampling 
area  (Q-mode)  and  species  (r-mode)  designations,  sanpling  area  designations 
go  from  left  to  right  and  spe^^ies  designations  go  from  top  to  bottom.  The 
designations  vary  from  table  to  table. 

The  Q-mode  cluster  analysis  of  all  sanpling  periods,  Figure  3.2-23,  shows  a 
distinct  pattern  of  benporal  grotpings,  with  the  May  sanpling  period 
grouping  separately  from  the  cold  noith  monitoring  periods.  Within  each  of 
the  separate  cold  month  ncnitoring  periods,  the  disposal  area  collections 
show  at  least  one  close  linkage  to  a  northern  fringe  area  sanpling  period. 
Only  during  May  does  the  disposal  area  oollecrtuon  link  with  a  southern 
fringe  area  sanpling  period. 

The  Q-mode  analysis  of  eill  sanpling  periods.  Figure  3.2-24,  which  cxnsiders 
only  the  vertebrates,  displays  a  similar  temporal  grouping  pattern  for  the 
sanpling  periods.  The  sanpling  in  the  month  of  May  1987,  again  forms  an 
outlier  grouping.  This  pattern  almost  disappears,  however,  when  considering 
only  the  invertebrates.  Figure  3.2-25.  The  May  sanpling  period  also  linked 
with  the  cold  month  monitoring  periods,  with  the  52-week  post-disposal 
period  not  farming  a  grotping  at  all. 
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FIGURE  3.2-23  Q-MODE  CLUSTER  ANALYSIS  OF  THE  GULFPORT 
FISHERIES  COLLECTIONS.  VERTEBRATES  AND  INVERTEBRATES. 
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FIGURE  3.2—25  Q— MODE  CLUSTER  ANALYSIS  OF  FISHERIES 

invertebrates  from  all  collection  periods. 


figure:  3.2-26  Q-MODE  CLUSTER  ANALYSIS  OF 
GULFPORT,  2-WEEK  PRE-DISPOSAL. 

FISHERIES  COLLECTION  PERIODS. 
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FIGURE  3.2-28  Q-MODE  CLUSTER  ANALYSIS  OF 
GULFPORT,  6-WEEK  POST-DISPOSAL, 

FISHERIES  COLLECTION  PERIODS. 
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FIGURE  3.2-29  Q-MODE  CLUSTER  ANALYSIS  OF 
GULFPORT,  20-WEEK  POST-DISPOSAL, 

FISHERIES  COLLECTION  PERIODS. 
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FIGURE  3.2-30  Q-MODE  CLUSTER  ANALYSIS  OF 
GULFPORT,  52-WEEK  POST-DISPOSAL, 

FISHERIES  COLLECTION  PERIODS. 
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Table  3.3-11.  Abundant,  by  treatient  area  both  day  and  night,  of  fishes  collected  during  the  Gulfport  study. 
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9 

7 

t. 

■ 

1 

tl 

4 

5 

6 

4 

S 

2 

110 

82 

184 

131 

156 

157 

26) 

148 

2 

2 

1 

1 

1 

1 

1 

1 

1 

i 

1 

i5 

1 

4 

1 

1 

5 

2 

5 

3 

19 

44 

16 

18 

1 

1 

2t> 

11 

12 

1 

17 

14 

13 

11 

B 

3 

2 

16 

1 

i 

1 

1 

12 

17 

7 

9 

4 

i 

4 

4 

15 

23 

16 

17 

17 

28 

25 

10 

6 

9 

20 

15 

6 

8 

1 

1 

30 

23 

1 

1 

1 

; 

2 

1 

1 

2 

17 

13 

17 

21 

17 

19 

19 

16 

2 

1 

1 

2 

1 

1 

1 

1 

2 

5 

1 

2 

1 

2 

2 

6 

2 

2 

2 

1 

4 

3 

2 

11 

1 

2 

3 

1 

23 

12 

17 

6 

to 

21 

11 

2 

11 

5 

3 

2 

31 

13 

5 

3 

1 

1 

3 

5 

1 

5 

2 

4 

7 

3 

1 

E-120 


Table  3.5-12.  Abundance,  by  treatient  area  both  day  and  night,  of  invertebrates  collected  during  the  Gulfport  fisheries  study. 


beceiber 

januarydd 

February 

hay 

bay 

night 

Day 

Night 

Day 

Night 

Day 

(i-»ode  designations) 

1  2  3  4  3 

6  7 

8  9  10  11 

12 

13 

14  IS 

16 

17 

16  19  20 

21 

22  23 

24  25  26  27  26 

laxa 

(iNf  Hr  D  Sf  NNf 

HF  0 

SF  HHf  Nr  D 

SF 

HNF 

NF  D 

SF 

NHF 

HF  D  SF 

HNF 

HF  0 

SF  HNF  Nf  D  SF  1 

1.  Caliinectts  saoidus 

2.  Libinia  dubia 

11 

10 

12 

6 

11 

12 

10 

10 

S 

10 

7 

10 

t 

9 

E 

7 

6  b 

3 

4 

10 

6 

11 

10 

4 

4 

4 

4 

3.  Loiiiquncuia  brevis 

5 

4 

6 

6 

5 

6 

3 

6 

4 

2 

1 

1 

2 

1  1 

2 

1 

1 

5 

7 

9 

9 

4.  Paguridae 

1 

1 

3 

2 

1 

2 

1 

3 

2 

2' 

1 

1 

5 

5 

2 

2 

5.  Panooeus  herbstii 

6.  Penaeus  aztecus 

1 

2 

i 

1 

1 

2 

1 

1 

3 

2 

1 

11 

12 

12 

9 

7.  Penaeus  setiferus 

10 

11 

13 

12 

12 

12 

12 

11 

12 

12 

11 

12 

11 

12 

12  9 

10 

10 

e 

9 

12 

11 

4 

4 

1 

4 

6.  Porceiianidae 

1 

2 

2 

7 

•J 

1 

t 

4 

1 

1 

1 

1 

i 

1  2 

1 

2 

1 

2 

9.  Souilla  emisa 

13 

6 

6 

7 

10 

10 

12 

10 

3 

4 

3 

3 

4 

5 

5 

4 

6  5 

5 

5 

5 

9 

8 

11 

1 

2 

4 

1 

;es  collected  during  the  Gulfport  fisheries  study. 


January86 

Feoruary 

hay 

Jar,uary57 

Day 

hi?it 

Day 

Night 

Day 

Night 

Day 

Hignt 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34  35 

36 

37 

38 

39 

40 

NKf 

KF 

D 

Sf 

NNF 

HF 

D 

5f 

NHF 

NF 

D 

y 

NNF 

NF 

D 

5f 

NNF 

NF 

D 

y 

NNF 

NF 

D 

y 

NNF 

NF 

D 

y 

NNF 

HF 

D 

SF 

8 

10 

7 

10 

i 

9 

8 

7 

6 

6 

3 

4 

10 

6 

11 

10 

4 

4 

4 

4 

15 

12 

10 

9 

1 

3 

2 

2 

4 

2 

j 

2 

2 

4 

1 

1 

2 

1 

1 

2 

1 

1 

5 

7 

9 

9 

5 

10 

14 

8 

1 

2 

4 

3 

1 

5 

L 

1 

1 

5 

3 

2 

2 

2 

4 

1 

1 

1 

1 

1 

3 

1 

1 

1 

1 

1 

2 

1 

1 

3 

2 

1 

11 

12 

12 

9 

12 

12 

15 

9 

1 

1 

1 

3 

1? 

12 

11 

12 

11 

12 

*2 

Vi 

12 

9 

10 

10 

6 

9 

12 

11 

4 

4 

1 

4 

7 

4 

3 

3 

3 

5 

4 

6 

6 

6 

6 

1 

1 

1 

1 

1 

2 

1 

2 

1 

2 

2 

3 

4 

3 

3 

4 

5 

5 

4 

i 

5 

5 

5 

5 

9 

8 

11 

1 

2 

4 

1 

9 

4 

7 

8 

1 

3 

4 

i 

2 

1 

3 
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Table  3.3-13.  Diurnal  abundance,  by  area,  for  fisheries  organisms  collected  during  trie 
2  week  pre-disposal  field  effort. 


Day 

Night 

(Q-mode  designations) 

1 

2  3 

4 

5 

6  7 

8 

Taxa 

NNF 

NF  D 

SF 

NNF 

NF  D 

SF 

1.  Anchoa  mitchilli 

52 

69 

109 

119 

52 

91 

61 

61 

2.  Bairdiella  chrvsoura 

2 

3 .  Brevoortia  natronus 

5 

1 

4 .  Citharichthys  suiloDterus 

1 

5 .  Dasyatis  sabina 

1 

6 .  Etropus  crossotus 

2 

1 

1 

2 

1 

3 

3 

2 

7 .  Hippocampus  erectus 

1 

1 

8 .  Leiostomus  xanthurus 

1 

9 .  Micropotfonias  undulatus 

3 

4 

4 

3 

5 

1 

1 

J 

10.  Monacanthus  hisoidus 

1 

11.  Peprilus  triacanthus 

2 

7 

9 

6 

3 

1 

12.  Prionotus  scitulus 

2 

1 

13.  Prionotus  tribulus 

7 

10 

6 

4 

11 

14 

7 

9 

14.  Sphoeroides  parvus 

15 

12 

11 

12 

19 

14 

15 

15 

15.  Symphurus  olasiusa 

2 

3 

3 

3 

1 

1 

7 

2 

6.  Synsnathus  louisianae 

1 

17.  Trichiurus  lepturus 

1 

18.  Callinectes  sapidus 

11 

10 

12 

8 

11 

12 

10 

10 

19.  Lolliftuncula  brevis 

5 

4 

6 

6 

5 

6 

3 

6 

20.  Paguridae 

1 

1 

3 

2 

1 

21.  Penaeus  azte<;;us 

1 

2 

22.  Penaeus  setiferus 

10 

11 

13 

12 

12 

12 

12 

11 

23.  Porcellanidse 

1 

2 

2 

3 

1 

4 

24.  Souilla  empusa 

13 

6 

6 

7 

10 

10 

12 

10 

E-122 


Table  3.3-14.  Diurnal  abundance i  by  area,  for  fisheries  organisms  collected  during  the 
2-week  post-disposal  field  effort. 


Day 

Night 

(Q-node  designations) 

1 

2 

3 

4 

5 

6 

7 

8 

Taxa 

NNF 

NF 

D 

SF 

NNF 

NF 

D 

SF 

1.  Anchoa  mitchilli 

91 

16 

41 

60 

53 

11 

40 

15 

2.  Arid?,  felis. 

3 .  Cvnoscion  arenarius 

1 

1 

1 

rs 

4 

4 .  Cvnoscion  nebulosus 

1 

5 .  Etroous  crosBotus 

3 

3 

2 

6 

1 

1 

3 

8 

6 .  HipDocamDUS  erectus 

1 

1 

1 

7 .  Menticirrhua  anericanus 

1 

1 

8 .  MicroDOBonias  undulatus 

9.  Muail  cephalus 

1 

1 

10.  Peorilus  triacanthus 

15 

1 

4 

1 

1 

11.  Prionotus  tribulus 

12 

17 

7 

9 

4 

6 

4 

4 

12.  Sohoeroides  narvus 

3 

2 

1 

1 

2 

13.  SymDhurus  nlafliusa 

5 

1 

2 

1 

2 

2 

6 

2 

14.  Droohycis  floridanus 

1 

1 

15.  Callinectes  saoidus 

8 

10 

7 

10 

6 

9 

8 

7 

16.  LolliBijncula  brevis 

4 

2 

1 

1 

2 

17.  Paguridae 

18.  Penaeus  aztecus 

2 

1 

1 

1 

3 

2 

1 

19.  Penaeus  setiferus 

12 

12 

11 

12 

11 

12 

12 

1C 

20.  Porcellemidae 

1 

1 

1 

1 

1 

21.  Sguilla  emtxtsa 

3 

4 

3 

3 

4 

5 

5 

4 

Table  3.3-15.  Diurnal  abundance,  by  area,  for  fisheries  organisms  collected  during  the 
6-week  post-disposal  field  effort. 


Day 

Night 

(Q-mode  designations) 

1 

2  3 

4 

5 

6 

7 

8 

Taxa 

NNF 

NF  D 

SF 

NNF 

NF 

D 

SF 

1.  Anchoa  mitchilli 

114 

99 

111 

179 

142 

126 

136 

142 

2.  AncvloDsetta  quadrocellata 

1 

3.  ArchosarKus  probatoceohalus 

1 

4.  Arius  felis 

1 

4 

1 

6 

3 

5.  Bairdiella  chrysoura 

1 

6 .  Brevoortia  oatronus 

50 

7 

18 

3 

15 

63 

26 

17 

7.  Chilonrvcterus  schoepfi 

1 

8.  Cynoscion  arenarius 

2 

2 

2 

1 

1 

1 

9.  Cynoscion  nebulosus 

1 

1 

10.  Deisyatis  sabina 

2 

1 

1 

1 

2 

1 1 .  Dorosoma  petenense 

12 

17 

6 

2 

6 

5 

1 

12.  Etropus  crossotus 

4 

2 

1 

1 

5 

2 

3 

10 

13.  Gobionellus  hastatus 

1 

14.  Leiostocnus  xanthurus 

1 

1 

17 

2 

2 

4 

15.  Menticirrhus  eunericanus 

1 

1 

2 

2 

2 

3 

2 

16.  MicropoRonias  undulatus 

6 

4 

5 

8 

4 

5 

8 

2 

17.  Peorilus  alepidotus 

1 

1 

1 

18.  Peorilus  triacanthus 

5 

2 

5 

3 

19.  F^rionotus  tribulus 

15 

23 

16 

17 

17 

28 

25 

10 

20.  Sphoeroides  parvus 

17 

13 

17 

21 

17 

19 

19 

If) 

21.  Symrhurus  plaRiusa 

2 

2 

1 

4 

3 

2 

11 

22.  SynRnathus  louisianae 

1 

23.  Uroohycis  floridanus 

3 

5 

1 

5 

2 

4 

7 

3 

24.  Callinectes  sapidu.s 

6 

6 

3 

4 

10 

8 

11 

10 

25.  LolliHuncula  brevis 

1 

1 

2 

1 

1 

26.  Pagviridae 

2 

1 

1 

27 .  Penaeus  aztecus 

2 

1 

1 

3 

2 

1 

28.  Penaeus  setiferus 

12 

9 

10 

10 

8 

9 

12 

11 

29.  Porcel lanidae 

1 

2 

1 

2 

1 

30.  Sciuilla  emousa 

6 

5 

5 

5 

5 

9 

8 

11 

Table  3.3-16.  Diurnal  abundance,  by  area,  for  fisheries  organisms  collected  during  the- 
20-week  post-disposal  field  effort. 


(Q-roode  designations) 
Taxa 


Anchoa  hepsetus 
Anchoa  mitchilli 
Ancylopsetta  quadrocellata 
Arius  felis 
Bairdiella  chrysoura 
Brevoortia  patronus 
Chloroscombrus  chrysurus 
C i thar i chtKy a  apiloptanifi 
Cynoscion  arenarius 
Daayatis  sabina 
Dorosoma  petenense 
Etropua  crnaantiiH 
Gobionellua  hastatus 
Lagodon  rhomboides 
Larimua  fascia tus 
Leioatomus  xanthurua 


Micropogoniaa  undulatus 
Peprilus  alepidotua 
Peprilus  triacanthus 
PowatomuB  saltatrix 
Porichthys  plectrodon 
Prionotua  rubio 
Prionotus  tribulua 
ScoiberoBprvis  macula  tus 
Sphoeroides  parvus 
Symphurus  plagiusa 
Trichlurus  lepturua 
Trinectes  macula tua 
Callinectea  sapidua 
lolliguncula  brevis 
Paguridae 

aztecua 
aetiferuB 
Porcellanidae 
Squills  aEUa& 


1 

2 

3 

4 

5 

6 

7 

8 

NNF 

NF 

D 

SF 

NNF 

NF 

D 

LF 

3 

1 

1 

221 

259 

220 

172 

171 

226 

243 

221 

1 

606 

523 

303 

188 

688 

644 

441 

370 

2 

6 

1 

3 

5 

8 

10 

5 

1 

2 

2 

1 

1 

1 

1 

1 

3 

1 

6 

3 

7 

12 

11 

5 

18 

4 

2 

2 

62 

49 

9 

11 

26 

9 

9 

9 

8 

6 

5 

2 

6 

8 

1 

3 

1 

1 

1 

1 

1 

1 

1 

3 

2 

3 

4 

10 

5 

6 

7 

10 

5 

16 

6 

8 

1 

9 

7 

2 

110 

82 

184 

131 

158 

157 

281 

148 

1 

1 

1 

1 

19 

44 

16 

18 

26 

11 

12 

7 

1 

1 

1 

1 

1 

1 

6 

9 

20 

15 

6 

8 

30 

23 

1 

2 

1 

1 

1 

2 

2 

3 

23 

12 

17 

6 

10 

21 

11 

2 

11 

6 

3 

2 

31 

13 

5 

3 

4 

4 

4 

4 

15 

12 

10 

9 

5 

7 

9 

9 

5 

10 

14 

8 

5 

3 

2 

2 

2 

4 

1 

11 

12 

12 

9 

12 

12 

15 

9 

4 

4 

1 

4 

7 

5 

4 

3 

2 

2 

1 

2 

4 

1 

9 

4 

7 

6 

Toble  3.3-17.  Diurnal  abundancei  by  area,  for  fisheries  organisms  collected  during  the 
52  week  pre-disposal  field  effort. 


Day 

Night 

(Q-nwie  designations) 

1 

2 

3 

4 

5 

6 

7 

8 

Taxa 

NNF 

NF 

D 

SF 

NNF 

NF 

D 

SF 

1.  Anchoa  mitchilli 

28 

50 

7n 

86 

119 

79 

85 

263 

2 .  Brevoortia  oatronus 

1 

3 

2 

3 .  Dorosoma  petenense 

1 

3 

1 

4 .  EtroDus  crossotus 

1 

5 .  MicroDOHonias  undulatus 

2 

2 

1 

6.  Peorilus  triacanthus 

17 

14 

13 

11 

8 

3 

2 

16 

7.  F*rionot''s  tribulus 

1 

1 

1 

8.  Sohoeroides  parvus 

1 

1 

1 

1 

2 

9 .  Symphurus  plaeiusa 

1 

10.  Urophvcis  floridanus 

1 

11.  Callinectes  sapidus 

1 

3 

2 

2 

4 

2 

2 

2 

12.  Libinia  dubia 

1 

13.  Lollijmncula  brevis 

1 

2 

4 

3 

14.  Paguridae 

1 

1 

1 

3 

1 

1 

15.  Panopeus  herbstii 

1 

16.  Penaeus  aztecus 

1 

1 

1 

3 

17 .  Penaeus  setiferus 

3 

3 

5 

4 

6 

6 

6 

6 

19.  Squills  empusa 

1 

3 

1 

2 

1 

3 

F.-126 


Figure  3.2-26  (2-week  pre-dispcjeed)  shewed  no  distinct  diel  or  spatial 
s^jaration.  The  lack  of  a  diel  separation  was  again  apparent  during  the  2- 
week  post-disposed  sanpling  period  (Figure  3.2-27),  tut  the  disposal  area 
sanpling  period  linked  more  closely  to  the  northern  or  reference  sampling 
period  than  to  the  southern  sanpling  period. 

Figure  3.2-28  shows  a  diel  separation  during  the  6-week  post-disposal 
sanpling  period,  tut  no  clear  spatied  pattern.  This  is  the  only  direct 
linkage  of  a  dispo62d  area  collection  to  a  southern  fringe  eurea  collection. 
During  the  20-week  post-disposed  sanpling  period  (Figure  3.2-29),  a  close 
linkckge  between  the  disposal  and  southern  fringe  area  night  collection 
periods  is  present.  The  52-w8ek  post-disposal  monitoring  period  again 
showed  a  diel  separation  with  the  daytime  collection  periods  forming  a 
grtxping  (Figure  3.2-30). 

The  r-mode  cluster  anedyses,  presented  in  Figures  3.2-31  throu^  3.2-38, 
were  adso  developed  utilizing  the  Bray-Curtis  resemblance  measure.  This 
analysis  presents  a  series  of  similarity  indices  for  edl  fisheries 
organisms,  veirtebrates  only,  invert^arates  only  and  fcy  monitoring  period  for 
all  species  collected  and  presented  in  Tables  3.2-10  through  3.2-17.  Figure 
3.2-29  shows  the  r-mode  cluster  analysis  for  all  major  fisheries  taxa,  both 
vertebrate  and  invertebrate.  Three  major  groupings  were  present.  The  first 
grouping  r^jresents  a  series  of  species,  both  vertebrate  and  invert^rate, 
that  showed  a  ubiquitous  temporal  distribution  over  the  monitoring  periods 
Table  3.2-10.  This  grouping  includes  Penaeus  setiferus.  (white  shrimp), 
htroous  crossotus.  (fringed  flounder),  Anchoa  mitchilli.  PrignOtUS  tr1hllUS> 
(bi^Mad  sea  robin),  saBisJyg,  (blue  crab),  and  several  others. 

Pour  of  the  five  numerically  dominant  invertdarates  occurred  in  this 
grouping.  The  next  grouping  represents  species  shewing  a  high  occurrence 
during  the  6  and  20-wBek  post-disposal  monitoring  periods.  This  grouping 
includes  Penaeus  aztecus.  (brown  shrimp),  XBTltiTUnJS/  (spot), 

Miaroixuynr^iag  imrtiiiatiis .  (cToaker) ,  Arius  is  and  six  other  species.  The 
third  groeping  includes  species  having  a  lew  occurrence  during  the  6  and  2^ 
we^  post-disposal  monitoring  periods  and  absent  during  other  monitoring 
periods.  These  include  Anfhgfl  (striped  anchovy),  QlldPflfiflJMtms 
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sou ILL a  EMPUSA 
pENAEUS  SETIEER'JS 
CALLINECTES  SAPIDUS 
PPIONOTUS  TRIBULUS 
SPHOEROIDES  PARVUS 
ETROPUS  CROSSOTUS 
SVMPHURUS  PLAGIUSA 
LLl-LICUNCULa  BREVIS 
PEPRILUS  TRIANCANTHUS 
anchor  mitchilli 
PENAEUS  A2TECUS 
CVNQSCION  ARENARIUS 
LEIOSIOMiJS  XMNTHURUS 
•«Nr!CIRRHUS  AMERICAnuS 
^RINECTES  MACULATUS 
’RICHIURUS  LEPTIJRUS 
RAIRDIELLA  CHPVSOURA 
CORCSC'-'A  PETENENSE 
hICROPOGONIAS  UNOULAiuS 
ARIUS  PELiS 
SREVOCRTIA  DATRONUS 
PACL’RICAE 

L'°OPHXCIS  ELORIDANA 
PORCELLANIDAE 
POIONOTIJS  RUBIO 
POPICHTHVS  PlECTPODON 
CHLOROSCOMBRUS  CHRYSURUS 
ANCHQA  HEPSETUS 
LACOOON  RHOMBOIDES 
POMATOMUS  SALTATRIX 
ANCYLQPSETTA  QUAUHul'ELLATA 
GOBIONELLUS  HASTAIUS 
LARIMUS  easciatus 
CITHARICHTHVS  SPILOPIERUS 
PEPRILUS  ALEPfOOTUS 
OASyATIS  SABINA 
Sy'/GNATH(j3  LO'JISIANAE 
CYNOSCiON  NEBULOSUS 
“UGIL  CEPhaluS 
MOrjACANTMJS  HISPIOUS 
hippocampus  ERFCIiJS 
SCOMBEPCMORU5  MAij’jicAros 
AROHOSARGUS  pROBkIOCEMPAlUS 

EMIlOMyi:''rRij5  SCMOEP'  : 

pprjNO’us  sgitulus 

LlfilNIA  OUBIA 
PANQPPUS  HEBBSni 


3 


EL  OP  8IMIL«RITY 


FIGU 

VERl 

DURI 


UROPHYCIS  FLORIDANA 
TRINECTES  MACULATUS 
TRICHIURUS  LEPTURUS 
BAIRDIELLA  CHRYSOURA 
MENTICIRRHUS  AMERICANU5 
LEI05T0MUS  XANTHURUS 
CYNOSCION  ARENARIUS 
DOROSOMA  PETENEN5E 
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FIGURE  3.2-32  R-MODE  CLUSTER  ANALYSIS  OF  THE 
MAJOR  VERTEBRATE  TAXA  COLLECTED  DURING 
THE  GULFPORT  FISHERIES  STUDIES. 
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FIGURE  3.2-33  R-MODE  CLUSTER  ANALYSIS  OF  MAJOR  INVERTEBRATE 
TAXA  COLLECTED  DURING  GULFPORT  FISHERIES  TASK. 


•  R-MODE  CLUSTER  ANALYSIS  OF  MAJOR  TAXA  COLLECTED 
K  PRE-DISPOSAL  FISHERIES  TASK. 


R-MODE  CLUSTER  ANALYSIS  OF  MAJOR  TAXA  COLLECTED 
K  POST-DISPOSAL  FISHERIES  TASK. 
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FIGURE  3.2-36  R-MODE  CLUSTER  ANALYSIS  OF  MAJOR  TAXA  COLLECTED 
DURING  6-WEEK  POST-DISPOSAL  FISHERIES  TASK. 
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FIGURE  3.2-37  R-MODE  CLUSTER  ANALYSIS  OF  MAJOR  TAXA  COLLECTED 
DURING  20-WEEK  POST-DISPOSAL  FISHERIES  TASK. 
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,  (sharptciiled  gc±y) ,  and 


I 


ghgygmrus,  (Atlantic  tunper),  Gc^icyiellus  hagtjqtiiR 
seven  other  species. 


Figure  3.2-32,  representing  the  r-racxie  cluster  analysis  of  the  major 
vert^arate  taxa  was  divided  into  two  major  groupings.  These  groupings  were 
clearly  separated  on  the  basis  of  overall  abundance  with  one  grot^iing 
consisting  of  the  17  numericeilly  dominant  vertebrate  species.  The  other 
grouping  cc»itained  species  with  Icwer  abundances,  and  their  occurrences  were 
during  the  6  and  20-week  post-disposal  mcxiitoring  periods.  The  r-mode 
cluster  analysis  of  the  dominant  invertebrate  species  is  presented  in  Figure 
3.2-33.  The  three  most  numerous  species  Squilla  empusa.  (mantis  shrimp), 
Penaeus  setiferus  and  callirtectes  sapidus  form  a  tight  cluster  with  the 
others  linking  on  in  order  of  decreasing  abundance. 


Figure  3.2-34,  representing  the  r-mode  cluster  analysis  for  the  2-week  pre¬ 
disposal  monitoring  period  shewed  an  envious  demersal  species  assemblage 
with  five  mud-bottom  dwellers  forming  a  tight  cluster.  These  five  species, 
gBEMga,  Pen^Qus  setjferug,  Callinectes  sapidus.  Pricyx)tus  tribulus, 
and  SPhoeroides  parvus,  (least  puffer),  also  display  a  fairly  even 
distritxitiOTi  over  the  oollecticm  periods  and  areas,  showing  no  clear  spatiad 
or  diel  preferax*.  This  grtx?)ing  was  part  of  a  larger  assemblage  of 
species  which  displayed  no  clear  spatial  or  diel  distribution.  A  seoexxi 
small  cluster  was  composed  of  five  species  Leiostemus  xanthurus.  Brevoortia 
patronus.  (Gulf  maihaden),  Mcx^canthus  hispidus.  (plandiead  f  ilef  ish) , 
Citheci<shthyg  gpiloptgng,  (Bay  whiff)  and  HipBgg^ntus  erectus.  (lined 
seeihorse),  which  occurred  only  in  the  disposal  and  southern  fringe  sampling 
areas. 


The  r-raode  cluster  anadysis  for  the  2-week  post-disposal  monitoring  period 
is  presented  in  Figure  3.2-35.  This  figure  aigain  shows  a  tight  grouping  of 
mud-bottom  callers  contaiining  seven  species  and  being  paurt  of  a  larger 
groiping  having  no  clear  spatial  or  diel  separaticxi,  but  a  rather  even 
distribution  over  the  collection  periods.  This  trend  continues  in  Figure 
3.2-36  that  represents  the  r-mode  cluster  anedysis  for  the  6-week  post- 
disposad  monitoring  period.  Eig^  species  form  a  groeping  of  mud-bottom 
dwellers  having  no  definite  spatial  or  diel  pattern  to  their  oocurrenoe. 
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The  20-week  post-disposal  monitoring  period  shews  a  different  pattern  with 
the  three  numerically  dominant  vertetorates  Micropocoiias  undulatus.  Anchoa 
mitchilli  and  Arius  felis  forming  a  tight  grouping.  This  ti^t  gnx^ing 
links  to  another  larger  grouping  of  species  with  varying  abundances  and 
ubiquitous  distributions  with  no  diel  patterns.  The  Q-mode  figure  for  this 
monitoring  program  (Figure  3.2-29),  showed  a  linkage  between  the  night 
collections  of  the  disposad  and  southern  fringe  sanpling  aireais. 

The  52-week  post-disposed  r-mode  cluster  analysis,  presented  in  Figure  3.2- 
38,  differed  from  the  other  cold  month  mcnitoring  periods  in  that  no 
assemblage  of  mud-bottom  dwellers  of  high  abundance  We»s  present.  The  Q-mode 
for  this  sampling  period  (Figure  3.2-30),  shewed  a  diel  s^5aration  and  the 
r-mode  anadysis  supports  this. 

The  analysis  of  variance  (ANOVA)  for  the  six  most  abundant  species  shewed  a 
hi^dy  significant  temporal  distribution  for  all  six  species  (Table  3.2-18). 
only  one  species  Arius  felis,  shewed  a  significant  spatial  distribution  with 
the  lowest  abundance  occurring  in  the  southern  fringe  aurea  (Table  3.2-10) 
during  the  20-week  post-disposal  monitoring  period.  Arius  felis  and 
FriewUtS  tcilMlMS  both  had  significant  spatial -temporal  distributiens.  The 
20-week  post-disposal  moiitoring  period  was  important  for  both  of  these 
species  with  Arius  felis  being  the  numericedly  dominant  vertebrate  species, 
and  Pri<y>otus  tribulus  shewing  a  distinctly  higher  abundance  in  the  disposed 
and  southern  fringe  sampling  areas. 

Length-frequency  diagrams,  cadled  Hutbsograms  in  honor  of  the  original 
authors  describing  their  use  (Hubbs  and  Hubbs  1953)  are  useful  in  describing 
the  time  course  of  a  series  of  fisheries  collections.  This  is  most  useful 
in  describing  the  overall  increase  in  size  of  a  population  of  organisms  over 
a  season  and  particularly  helpful  in  discerning  recruitment  of  juvenile 
organisms  into  the  locad  populations  sampled. 
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Table  3.2-18 


Analysis  of  variance  to  detemiine  major  influencing  factors 
for  the  major  taxa  collected  during  the  fisheries  survey. 


SOURCE 


F  TAIL.  SIGNIFICANCE 
PPCB. 


MEAN 

140.96 

0.0000 

ititit 

Anchoa 

PERIOD 

9.98 

0.0000 

icitic 

Bit£aiill.i 

STATICW 

0.39 

0.7636 

PS 

0.58 

0.8551 

MEAN 

83.10 

0.0000 

Arius 

PERIOD 

82.22 

0.0000 

*** 

£sJLis 

STATION 

2.75 

0.0451 

PS 

2.75 

0.0022 

It* 

MEAN 

74.96 

0.0000 

Etropus 

PERIOD 

0.86 

0.0001 

crossotus 

STATICN 

0.88 

0.4512 

PS 

1.67 

0.0800 

MEAN 

36.48 

0.0000 

*** 

Micropoaonias 

PERIOD 

31.87 

0.0000 

*** 

undulatus 

STATION 

0.94 

0.4256 

PS 

0.92 

0.5282 

MEAN 

144.92 

0.0000 

*** 

Prionotus 

PERIOD 

14.31 

0.0 Juu 

*** 

tcilAU-yg 

STATION 

1.24 

0.2990 

PS 

1.93 

0.0356 

MEAN 

10.73 

0.0013 

Sphoeroides 

PERIODL 

3.54 

0.0087 

** 

Dorvus 

STATION 

PS 

0.80 

0.75 

0.4966 

0.6976 

Error  Degi^ees  of 

Freedom  = 

140  for  all  species 

(n=160) . 

***  =  very  highly  significant  difference 
**  =  highly  significant  differaioe 
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The  Hufcjbsogram  Figures  3.2-39  throu^  3.2-44,  shew  the  abundance  and  size 
distribution,  including  the  standard  deviation  and  the  mean,  for  each  of  the 
major  vertebarate  species  presented  in  Table  3.2-18.  Anchoa  mitchilli 
(Figure  3.2-39)  showed  a  small  decline  in  mean  standard  length  from  Etecentoer 
to  Fdoruary,  and  then  an  increase  in  May.  The  52-week  post-disposal  mean 
standard  length  was  oonparable  to  that  of  the  previous  year.  Arius  felis 
(Figure  3.2-40)  shewed  no  great  variation  in  mean  standeurd  length  from  the 
2-week  to  20-week  post-disposcil  monitoring  periods,  and  the  abundance 
increased  during  the  20-week  post-disposal  sanpling  period.  Arius  felis  was 
not  present  during  the  2-week  pre-dispos2LL  or  52-week  post-disposal  sanplin  j 
periods  vhen  water  tenperatures  were  lowest.  Etroous  crossotus  (Figure  3.2- 
41)  had  a  nearly  constant  mean  standard  length  (SL)  of  51.4  -51.9  ram  from 
December  to  February,  and  an  increese  to  82.9  mm  SL  in  May.  May  was 
chciracterized  by  a  size  class  of  72-97  mm  SL  except  for  a  single  individual 
of  41  mm  SL.  Micropocionias  undulatus  (Figure  3.2-42)  shewed  a  distinct  drop 
in  abundance  during  January  (2-week  post-disposed)  and  the  presence  of  two 
distinct  size  classes  are  32-75  ran  and  103-120  ram  SL.  A  clear  distinction 
in  size  class  is  not  apparent  during  the  20-week  post-disposal  saitpling 
period,  but  shews  up  again  during  the  52-wedc  post-disposal  period  with  cxie 
individual  of  23  ran  SL  separating  from  the  others  which  ranged  between  93 
and  118  ran  SL.  Prionotus  tribulus  (Figure  3.2-43)  deroonstrates  a  continual 
increase  in  mean  standard  length  from  the  2-week  pre  to  the  20-week  post¬ 
disposal  monitoring  periods  with  the  population  in  Fdaruary  having  a  size 
range  of  23-52  ran  and  one  individual  of  70  ran  SL.  The  mean  standard  length 
increased  to  63.2  ran  during  the  20-WBek  post-disposal  monitoring  period. 

The  52-week  post-disposal  monitoring  period  agzdn  shewed  a  lower  mean 
standard  length  of  35.3  ran.  Schoeroides  psi^  (Figure  3.2-44)  shewed  a 
decrease  in  the  mean  standard  length  during  the  20-week  post-disposed, 
monitoring  period  from  the  previous  monitoring  periods.  This  decrease  was 
due  to  the  presence  of  a  highly  varied  size  range  of  22  to  84  ran  SL.  The 
mean  standard  length  increased  to  49.3  during  the  52-week  post-disposa) 
sampling  period. 
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FIGURE  3.2-39  HUBBSOGRAM  OF  LENGTH  FREQUENCY  AND  ABUNDANCE 
DATA  FOR  ANCHOA  MITCHILLI. 
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FIGURE  3.2-40  HUBBSOGRAM  OF  LENGTH  FREQUENCY  AND  ABUNDANCE 
DATA  FOR  ARIUS  FEUS. 
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-  42  HUBBSOGRAM  OF  LENGTH  FREQUENCY  AND  ABUNDANCE 
MICROPOGONIAS  UNDULATUS. 
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FIGURE  6.2-43  HUBBSOGRAM  OF  LENGTH  FREQUENCY  AND  ABUNDANCE 
DATA  FOR  PRIONOTUS  TRIBULUS. 
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DATA  FOR  SPHOEROIDES  PARVUS. 


4.0  DISCUSSION 

4.1  PHYSICAL  /  CHEMICAL  EMVIFONMEMT 

4.1.1  Bathymetry 

Results  of  the  four  bathymetric  surv^re  conducted  at  the  Gulfport  Ship  Channel 
open  water  dredged  material  disposcil  site  shojed  definite  areas  of  sediment 
depositicai  within  both  the  disposal  and  fringe  areas.  The  area  of  greatest 
depositicxi  was  located  within  the  disposal  area,  with  a  maximum  sediment  rise 
of  less  than  1  ft. 

Determinaticsi  of  the  volume  and  areal  extent  of  the  area  of  sediment  d^rsition 
with  a  rise  of  0.5  ft  or  greater  was  determined  based  cx»  the  difference  in 
depth  between  the  predisposed  and  2-week  post-disposal  surveys.  A  total  of 
61,385  yd^  was  deposited  by  the  dredging  contractor  in  his  report.  Based  an 
bathymetry  a  Ccdculated  volume  of  80,900  yd^  of  sediment  covering  an  area  of 
514,000  yd^  was  Deposited  within  the  overall  study  site.  The  reported  versus 
calculated  differences  is  ejqjlainable  by  dredged  material  bulking.  Eighty- 
six  percent  (69,800  yd^)  of  the  calculated  total  volume  of  sediment  deposited 
with  a  rise  of  0.5  ft  or  greater  was  located  within  the  disposed  area. 

Fourteen  percent  (11,000  yd^)  of  the  total  volume  of  deposited  sediment  was 
located  within  the  fringe  area.  Ei<^ty-five  percerc  of  the  areal  extent  of  the 
sedimait  mound  was  located  within  the  disposal  area,  with  the  remaining 
15  percent  within  the  fringe  cirea.  These  numbers  correspcxxJed  well  with  the 
location  and  depth  of  the  dredged  materials  as  determined  by  sediment  profile 
photography  ( Figure  4 . 1-1 ) . 

Results  of  the  6-week  and  20-week  post-disposal  bathymetric  surveys  shewed  a 
gradual  decrease  in  both  the  areal  and  volumetric  extent  of  the  sodiment  mound 
with  time.  The  sedimait  mound  identified  during  the  6 -week  post-disposal 
survey  oentained  50,500  yd^  (62  percent)  less  sediment  than  during  the  2-week 
post-disposeil  survey.  The  areal  extent  of  the  sedimait  mound  decreased  ty 
285,000  yd^  (55  percent)  during  the  same  time  period.  Results  of  the  20-week 
post-disposeil  bathymetric  survey  show  the  sediment  mound  created  by  the  thin- 
layer  dredge  disposal  operations  to  be  neeurly  undetectable. 

Ninety-five  percait  (76,600  yd^)  of  the  total  volume  of  the  sediment  deposited 
during  disposed,  operations  was  found  to  have  been  dispersed  during  the  20-week 
post-disposal  survey.  The  eureal  extent  of  the  sediment  mound  (0.5  ft  or 
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FIGURE  4.1-1.  LOCATION  OF  DREDGEi 
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FIGURE  4.1-1.  LOCATION  OF  DREDGED  MATERIAL 

OVERBURDEN  BASED  ON  VERTICAL  SEDIEMENT 

PROFILE  IMAGERY.  DEPTH  OF  DREDGED  MATERIAL  IN 
CENTIMETERS. 


greater)  during  the  20-week  post-dispcsal  survey  was  26,000  yd^.  This 
represents  n  net  decrease  of  488,000  yd^  (95  percent)  between  the  2-week  arid 
20-week  post-disposal  surveys. 

Results  of  the  four  bathymetric  surveys  show  the  thin-layer  dredged  materiel 
disposal  methodology  otployed  at  the  Gulfport  Ship  Oiannel  open  water  disposal 
site  was  effective  in  achieving  a  sediment  rise  of  less  than  1  ft  in  the 
disposal  area.  Ninety-five  percent  of  the  sediment  mound  with  a  rise  of  0.5  ft 
or  greater  was  found  to  be  dispersed  within  20  weeks  follcwing  oonpleticxi  of 
disposal  operations.  The  c^Dserved  dispersal  of  sediments  was  likely  due  to 
wave-induced  turculence  at  the  disposal  site.  Evidence  for  this  presumption  is 
given  belcw. 

The  vertical  sediment  profiling  results  conclusively  show  the  placement  of  the 
dredged  materials  at  the  Gulfport  Harbor  study  site  (Figure  4.1-1).  The  2-week 
post-disposal  sediment  profile  survey  indicated  a  dredged  materied.  depth  of  13 
to  15  cm  at  statioTs  4-4,  4-5,  5-4  cind  5-5  with  the  sediment  tapering  off  to 
the  southwestern  quadrant.  The  material  was  still  detectable  at  a  thickness  of 
vp  to  14  cm  6-we^  post-disposcil .  In  eidditicxi  there  was  an  indication  that  the 
material  was  moving  to  the  southwest  since  the  depth  of  the  material  had 
increased  at  statiens  4-2  and  4-3  from  the  2-week  to  the  6-week  survey.  By  the 
20-week  survey,  the  dredged  materi2LL  was  only  detectable  at  4  stations  to  a 
maximum  d^th  of  7  cm.  By  the  52-week  sampling,  dredged  materieds  were  present 
ady  at  stations  4-4  and  4-5. 

The  results  of  vertical  sediment  profile  imaging  corretorated  the  results  of 
the  bathymetric  survey  that  indicated  a  loss  of  materials  (Figure  4.1-1).  The 
dredged  materials  declined  in  both  depth  and  spatial  coverage  from  the  2-week 
post-disposeil  survey  through  the  6-wBek,  20-wBek  and  52-week  post  disposed 
efforts.  For  example,  at  one  grid  station  (WE-5-5),  a  positive  signature  of 
the  dredged  material  (>15.2  cm)  was  present  in  the  2-week  image,  4  cm  of 
dredged  materied  was  observed  in  the  six  week  image  and  at  twenty  weeks  post- 
dii^xasal  there  was  little  evidence  of  any  dredged  material  in  the  images.  At 
52-wedcs  post-disposal,  the  dredged  material  signature  was  recognizable  but  had 
lost  nuch  of  Its  distinctiveness. 
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The  signature  of  deposited  matericils  as  detected  by  analysis  of  the  vertical 
sediment  profile  images  slowly  disappeared  with  time,  presumably  due  to 
physical  and  biological  reworking  of  the  sediments  (see  Plate  3.1-3).  The 
material  was  only  detectable  at  two  stations  (4-5  and  4-6)  during  the  20  and 
52-week  post  disposal  surveys.  It  should  be  noted  that  the  dredged  materials 
detected  during  the  52  week  post-disposal  survey  had  been  extensively 
"weathered"  and  modified  by  biological  activity.  Frcan  this  evidnece,  the 
activity  of  bioturbation  was  a  significant  factor  in  trems  c  sysrem  recx . 
following  dredged  matericLL  disposal. 

Based  cr.  the  imagery,  the  decline  of  the  dredged  niaterials  could  be  attributed 
to  both  physiceLL  loss  (erosicxi)  of  the  materials  and  biological  reworking 
(mixing  with  underlying  sediments) .  ihe  appearance  of  mud  luirps  and  casts  were 
indicative  of  large  scale  physical  activity  in  the  area. 

The  only  other  sediment  profile  parameter  that  changed  was  the  depth  of  the  RPD 
vrtiich  shewed  a  sli^tly  shallcwer  depth  2-week  post-disposal.  All  other 
surface  and  subsurface  features  were  similar  throu^iout  the  study. 


4.1.2  Water  (^Jality 

Antoient  water-quality  oonditicxis  in  the  study  area  during  the  predisposal 
water-quality  survey  were  highly  uniform  at  adl  stations.  DO  concentrations 
were  relatively  hic^  at  all  staticHTS  and  depths,  with  individual  values  ranging 
frein  7.8  to  10.4  rag/L.  Water  tenperature  was  typical  for  the  winter  months, 
with  values  ranging  fraoa  12.0  to  13.0*C.  Salinity  demraistrated  little 
variability  and  averaged  21.9  ppt  in  the  study  area.  Total  suspended  solids 
measured  during  the  predispos2d  survey  ranged  from  <5  to  74  mg/L. 


Results  of  the  pfredisposeLL  water-quality  survey  indicate  the  water  oolmm  in 
the  study  area  is  highly  mixed  and  typical  of  near-shore  conditions. 


4.2  BIQLOGIOkL  RESOURCES 
4.2.1  MacToinfaviDa 

Organism  atundance  for  the  2-vgeek  predisposal  period  showed  a  diverse  oonxiunity 
throu^xxrt  the  stuc^  area  with  the  nimter  of  organisms  genexelly  in  the  range 
of  2-3000  organisms  -m“2.  Dominant  taxa  included  the  polychaetes  Armandia 
maSMlata;  Kda^segsis  Igvifvigcina/  Siaambra  tentaculata.  and  Paramchincme 
culchella .  the  brittlestar  Micropholis  atra.  the  henichordate  Balanoalossus 
c.f.  aurantiacus  and  Rhynchoooela.  Ihe  number  of  taxa  per  grab  averaged  about 
25  during  the  predisposal  period,  the  hi^iest  during  the  five  sampling  periods. 

Abundance  of  organisms  during  the  2-week  and  6-weeJc  post-dispos2d  samplings  and 
the  oorrespoiding  dredged  material  overburden  for  ccnpeuriscn  is  poresented  in 
Figure  4.2-1.  The  organism  abundance  coitours  in  this  figure  were  adjusted  to 
shew  only  abundances  of  less  than  1500  orgzinisms-m”^ .  While  much  of  the 
surrounding  eurea  remained  in  the  2-3000  organisms  -m“^  range,  statiexTS  in  the 
disposed  area  and  two  of  the  south-west  fringe  stations  had  less  ttan  1000 
organisms  -m”^.  itiis  was  a  hic^dy  significant  difference  in  abundance  and 
could  be  directly  attributable  to  the  disposal  operaticxi.  By  the  6-week  post¬ 
disposal  period  the  abundances  had  recovered  somewhat  in  that  only  two  of  the 
impacted  stations  had  less  than  1500  organisms  -m“2  (Figure  4.2-1).  The  20- 
week  and  52-week  post-disposal  abundances  (see  Section  3.2.1)  had  returned  to 
the  predisposed  levels  of  2-3000  organisms  -m“2. 

In  terms  of  the  nutnber  of  organisms  per  sample,  a  trend  simiilar  to  the  decrease 
in  abundance  was  noted  (Figure  4.2-2)  The  2-week  post-disposed  survey  shews  a 
depressicxi  in  the  number  of  taxa  at  the  same  stations  that  exhibited  the  low 
abundances  (Figure  4.2-1).  By  the  e-week  post-disposed  monitoring  period,  the 
number  of  taxa  had  returned  to  values  more  similar  to  the  reference  stations. 

By  the  20-WBek  post-disposal  survey  the  disposal  stations  could  not  be 
distinguished  from  the  other  stations  sampled. 

The  findings  in  the  spatied  analysis  of  the  data  are  oorrobarated  by  the  ANOVA 
and  the  cluster  analyses.  In  all  cases,  the  2-week  post-disposal  stations  4-3, 
4-4,  4-5  and  5-3  were  separated  from  the  other  stations  sampled.  This 
indicates  that  a  distinct  ooranunity  shift  was  noted  in  the  impacted  stations. 
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presumably  because  of  the  change  in  abundance  of  several  taxa  (most  notably 
Armandia  and  Medionastus  which  v^e  important  in  overall  oonmunity  oonposition. 

The  decrease  in  abundance  and  species  oonpositicmi  was  also  parallelled  by  a 
decrease  in  macroinfauna  biomass  which  showed  a  distinct  decline  in  the 
disposed  area  during  the  2-week  post  disposal  sampling  effort.  Sesme  recovery 
in  total  biomass  was  noted  by  the  6-week  post-disposal  sampling  but  the 
disposal  site  stations  did  not  return  to  levels  seen  at  the  surrounding 
stations  until  the  20-week  period. 

Based  on  these  findings,  it  is  reasonable  to  conclude  that  the  dredged  material 
was  primarily  discheurged  in  an  area  bounded  by  the  stations  4-3,  5-3,  4-5  and 
5-5.  Since  this  includes  two  stations  in  the  southwestern  fringe  area  it  is 
likely  that  the  majority  of  the  materiad  disposed  was  probably  not  in  the 
direct  center  of  the  disposed  area  as  depicted  in  this  study  but  was  mostly 
discharged  on  the  southwestern  part  of  the  disposal  area.  There  vas  no  dredge 
material  detected  in  the  northeastern  most  portion  of  the  disposal  area.  This 
observation  would  suggest  that  the  random  station  sampling  may  not  be 
SoTficient  to  detect  a  biological  impact  within  the  disposal  area  since  it 
included  both  impacted  and  unimpacted  stations  and  the  impacts  were  averaged 
out.  This  suggestion  is  supported  by  the  results  of  the  random  station  ANDVA 
which  showed  no  significant  differences  between  experimental  strata.  Since  the 
inclusion  of  the  random  sampling  was  primarily  to  observe  sampling  variability 
and  adequacy  in  terras  of  single  box-core  sample,  the  sampling  did  serve  a 
valuable  role  in  the  study.  Additionally,  it  should  be  noted  that  the  fixed 
station  sampling  more  thcui  adequately  detected  the  impacts  from  the  disposal 
event. 


Based  on  the  results  of  recruitment  sampling,  no  large  scale  recruitment  events 
occurred  irnmediately  following  the  disposal  operation.  Overall,  based  cxi  both 
recruitment  and  vertical  sediment  imagery,  the  recruitment  of  organisms  into 
the  dredged  materials  was  dominated  by  adult  migration  or  adult  survival, 
followed  by  a  strong  pulse  of  spring  recruitment  the  following  spring. 
Subsurface  6K±ivity  immediately  following  the  disposal  event  appears  to  have 
slowed  primarily  due  to  seasonal  temperatures. 
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In  terms  of  abundance  of  individual  taxa,  all  species  tested,  except  for  the 
polychaete  Sioambra  tentaculata ,  showed  significantly  lowered  abundances  an  ti e 
disposal  statioTs.  Ihis  indicates  that  except  for  pioneering  types  of  ta>  i, 
all  macroinfauna  were  equally  affected  by  the  material  discharge.  Ihis  impliet 
that  impact  was  of  a  physical  nature  since  there  was  no  selectivity  in  terms  c  f 
reducing  certain  ocmwnity  members.  This  is  supported  by  the  Q-mode  cluster 
analyses  in  that  there  were  no  large  scale  community  shifts  in  terms  of 
selective  impacts  to  individual  species  as  a  result  of  the  discharge. 

Sediment  profile  photography  also  indicated  that  there  was  a  transient  shift  in 
the  ocminunity  a  result  of  the  disposal  operation.  The  study  area  was 
characterized  as  a  late  Stage  II  -  Stage  III  community  during  the  predisposal 
effort.  The  2-week  post-disposal  survey  shewed  some  areas  impacted  ty  the 
disposal  operation  to  be  of  early  Stage  l  type  community  and  others  to  be  late 
Stage  I  to  Stage  II  based  on  the  amount  of  burrowing  activity.  Even  during  the 
2-week  post-disposal  sampling  there  were  signs  of  advanced  recolonization  at 
some  of  the  dredge  material  sites.  These  observations  are  suggestive  of  an 
ipwcird  migration  of  the  larger  fauna.  It  should  be  enphetsized  that  no  azoic 
(devoid  of  organisms)  areas  were  found. 

The  community  at  Gulfport  Hartxjr  is  an  advanced  Stage  II  to  Stage  III 
community.  Several  large  tube-dwelling  and  head  down  feeder  organisms  were 
collected  including  several  brittlestar  and  holothurians.  These  organisms  eue 
known  for  their  intense  burrowing  b^iavior  which  probably  contributed  to  the 
rapid  recovery  cind  reviroridng  of  the  dredged  materials  due  to  some  upward 
migration  through  the  thin  layer  of  dredged  material. 

4.2.2  Danersal  Organisms 

The  abundance  of  demersal  fisheries  organisms,  as  seen  in  Table  3.2-10, 
followed  distinct  seasonal  trends.  This  can  be  illustrated  with  Arius  fells 
had  very  lew  abundances  or  absent  during  cold  month  monitoring  periods,  but 
being  the  numerically  dominant  vertebrate  during  the  20-wedc  post-disposal 
sanpllng  period  in  May.  Anohoa  mitchilli  was  the  only  qiecies  present  in  high 
numbers  during  all  monitoring  periods.  Several  other  disoemable  trends  were 
also  present.  Etrouus  crossotus  and  Prionotus  tribulua  had  a  exmstant  presence 
during  the  first  four  monitoring  periods,  but  were  neerly  absent  during  the  52- 
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week  post-disposal  sanpling  period.  Oiis  sairpling  period  cxsrresponded  to  a 
period  of  very  cold  weather  vAiich  cavised  a  drop  in  water  temperature  and  is 
very  possibly  the  reason  for  their  absence.  Hiis  trend  was  also  noted  in  the 
macroinfauna  ccmmunity  in  terms  of  a  species  shift  noted  during  the  same 
period.  Thus,  from  these  dDservatiois  it  can  be  concluded  that  the  shift  in 
species  noted  during  the  52-week  sanpling  in  both  the  macroinfauna  corarunity 
and  the  demersal  organisms  could  be  attributed  to  adverse  hydrographic 
COTiditiOTis. 

Another  trend  is  seen  in  MicropocRanias  undulatus  and  Sohoeroides  parvus, 
species  which  displayed  obvious  decreases  in  abundance  during  the  2-week  post¬ 
disposal  mcnitoring  period.  However,  another  species,  Penaeus  setiferus. 
shewed  no  obvious  decrease  in  abundance  in  the  post-disposal  maritoring  periods 
until  its  esqaected  decrease  during  the  warm  weather  monitoring  period. 

Along  with  the  variability  in  abundance,  a  correspoiding  change  in  the  nuitber 
and  oonpositicxi  of  taxa  collected  was  eilso  noted,  (Tables  3.2-13  throu^  3.2- 
17).  This  and  the  analysis  of  variance  (Table  3.2-18),  support  the  importance 
of  the  tenporcil  influmoe.  The  ANOVA  table  also  demonstrates  that  a 
significant  spatial  influence  was  present  for  caily  one  of  the  six  numerically 
dominant  vertebrate  species.  This  significance  is  attributable  to  the  20-week 
post-disposal  collections  of  Arius  felis  (Table  3.2-16),  which  showed  a 
distinct  traid  in  abundance  from  the  shcillawest  most-northerly  reference  area 
to  the  de^er  southern  fringe  area.  The  trend  does  not  indicate  a  distinct 
avoidance  of  the  dredged  material  disposal  ctrea.  In  addition  to  these 
observations  and  statistical  analyses,  the  cluster  anedysis  for  each  of  the 
monitoring  periods  (Figures  3.2-26  throu^  3.2-30)  shows  a  closer  link2ige  of 
the  disposed  area  to  the  northerly  reference  area  or  northern  fringe  area  than 
to  the  southern  fringe  eirea.  The  2CHweek  post-disposed  monitoring  period  is  a 
notable  exception.  The  linkage  of  the  du^xised  euid  southern  fringe  areas 
during  the  20-week  post-disposal  sampling  period,  hewever,  is  due  to  the 
previously  mentioned  decrease  in  abundance  seen  in  these  areas  by  the  dominant 
i^iecies  Arius  felis.  Figure  4.1-1  shows  a  southerly  position  of  the  disposal 
area  and  a  general  southwesterly  merveroent  of  the  dredged  materied.  While  it 
may  be  toipting  to  draw  a  conclusion  of  an  obvious  dredged  material  influence 
from  these  data,  it  must  be  renaitjered  that  the  linkage  of  the  digposal  area  to 
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the  more  northern  treatment  areas  ocasurred  during  the  pre-disposad  as  well  as 
post-disposal  monitoring  periods.  Also,  the  dominant  vert^irate  species  during 
fcxir  monitoring  periods  was  a  ncxi-dentersal  planktivore  Anchoa  r  which 

is  probably  a  poor  species  for  indicating  sediment  inpacts.  In  additicxi,  the 
demersal  invertebrate  species  caiTiinectes  s^pidus.  Penaeus  setlferus  and 
Souilla  eapusa  display  no  decrease  in  abundance  in  the  disposed  or  southern 
fringe  areas  (Table  3.2-12)  during  any  of  the  post-disposed  monitoring  periods. 
This  is  not  confined  to  benthic  invertebrates  ens  Figures  3.2-34  through  3.2-36 
show  tight  groupings  of  these  invertdarate  species  with  bottom-dwelling 
vertidDrates.  This  cbservaticn  is  in  contrast  to  the  roewcroinfauna  ocraiunity 
vhich  shewed  a  distinct  reduction  inmediately  following  the  disposed  operation. 
Thus,  the  larger  more  mobile  demersal  species  may  have  moved  back  into  these 
areas  imnediately  following  the  discharge  of  materials. 

The  Hubbsograms,  Figures  3.2-39  through  3.2-44,  show  an  increeise  in  mean 
standard  length  over  the  course  of  the  first  three  post-disposal  monitoring 
periods  for  five  of  the  six  major  fish  taxa.  This  indicates  a  growth  period 
correlating  to  warming  taiperatures.  Only  Sphoeroides  parvus  decreased  in  mean 
standard  length  in  May  due  to  the  presence  of  a  hi«^y  variable  size  range. 

This  is  probably  due  to  the  addition  of  a  new  year  class  to  the  existing 
population.  The  presence  of  a  new  year  class  can  edso  be  seen  in  Micrxxxxyyiias 
undulatus  with  the  first  year  class  ranging  from  32-75  ran  SL  and  an  older  year 
class  of  103-121  ran  SL.  The  small  size  of  Priemotus  tribulus  during  the  first 
three  field  efforts  seems  to  indicate  that  juveniles  of  this  species  winter 
within  estuarine  areas.  Their  lairge  increase  in  standard  length  aigain  shows  a 
distinct  growth  period  before  the  advent  of  late  spring  auid  suraner  spawning 
(Williams,  1983).  The  presence  of  juvenile  and  first  year  class  individueds 
within  the  monitoring  area  seems  to  indicate  that  it  was  not  avoided  as  a 
nursery  eirea  and  that  no  adverse  effect  of  dredged  material  disposal  on  younger 
stages  of  the  life  cycle  was  present. 

It  is  clear  from  all  the  presented  data  that  there  is  a  strong  natural  tenporal 
influence  on  the  fisheries  resource  within  this  shallow  estuarine  area.  The 
disposcil  of  new  work  dredged  materied  within  the  monitoring  area  shewed  no 
short-term  liif»ct  of  a  magnitude  approaching  the  natural  seasmnl  events.  The 
presence  of  a  short-term  inflect  on  certain  species,  notably  Mieropocyonias 
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undulatus  and  Schoearoides  parvus |.  hcwever,  did  seem  txj  be  indicated.  Ilie  data 
collected  and  presented  shcv  that  no  significant  iirpact  occurred  on  the 
fisheries  resource  as  a  vtiole,  and  no  changes  in  utilization  of  the  disposal 
area  appeared  to  have  takoi  place. 
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5.0  OONCLUSIC^IS 

Based  on  the  results  of  the  bathymetric  survey,  the  benthic  invertebrate 
sairpling  and  the  vertical  sediiTvent  profiling,  dredged  material  was  dispostd  i 
an  area  bounded  by  stations  4-3 ,  5-3 ,  4-6  and  5-6 .  The  depth  of  the  matei  Lai 
was  between  6-12  inches  based  on  the  precision  bathymetrv  anc'  sli(^tly 
gieatei'  than  6  inches  (  >  15  cm)  based  on  sediment  profiling.  Ihe  materials 
were  detectable  during  the  6-week  post-disposal  monitoring  period  by  both 
precision  bathymetry  and  vertical  sediment  profiling,  but  were  almost 
undetectable  at  many  disposal  stations  fcy  the  20-week  post-disposal  survey. 

The  observatioi  further  indicated  that  the  sediments  were  being  transported  in 
a  southwesterly  direction. 

Inpacts  to  the  benthic  macroinfauna  community  was  observed  in  terms  of  lowered 
abundances  (  '■  1000  organisms  -m"^  versus  2-3000  organisms  -m“^)  and  slightly 
Ic^.'er  numbers  of  species  (  <15  versus  25)  at  the  stations  directly  impacted  by 
the  dredging  operation.  This  observation  was  corroborated  with  the  biomass 
data  and  the  vertical  sediment  profile  images  in  terms  of  successional  stages 
of  the  benthos.  By  the  6-week  post-disposal  survey,  seme  reexvery  of  the 
benthic  einimals  was  cbeerved  in  both  an  increase  in  the  numbers  and  )dLnds  of 
organisms  at  the  disposal  site.  By  the  20-week  post-disposeil  survey,  no 
differences  between  the  disposed,  fringe  or  reference  sites  could  be  detected. 
This  recovery  paralleled  the  disappearance  of  the  materieds  observed  ty  the 
bathymetric  data  and  the  sediment  profile  imagery.  In  peurt,  the  disappearance 
of  the  material  oculd  be  directly  attributable  to  the  biological  reworking  of 
the  dredge  materials,  incorporating  them  with  the  underlying  sediments. 

However,  evidence  of  leirge  scede  physical  events  were  noted  in  the  vertical 
sediment  profile  images  in  terras  of  mud  clasts  emd  lurps  of  presunably  physical 
origin. 

Recovery  of  the  eurea  in  terras  of  the  raacrolnfauna  was  prinarily  mediated  by 
rapid  adult  migration  into  the  area  and  seme  survival  and  subsequent  migration 
through  the  di^xised  materials.  No  large  scale  larval  recruitment  was  noted 
but  this  wus  due  more  perheps  to  seasonal  feK^ors  since  the  recovery  occurred 
through  the  winter  months. 
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The  impacts  of  the  new  vrork  drecJged  material  disposal  appear  to  have  been 
oonfined  to  a  limited  portion  of  the  fisheries  resource,  namely  Micropoaonias 
undulatus  and  Sphoeroides  parvus.  Ihis  inpact  was  short- tt.m  as  populations 
that  were  noticeably  low  durinq  the  2-week  post-dipoosal  monitoring  period  had 
returned  by  the  6-week  post-disposal  monitoring  period.  Ihere  was  no 
observable  impact  on  the  fisheries  resource  as  a  whole,  either  short  or  long 
term.  This  reflects  the  differences  in  the  ccmmunity  types  of  t^a  bent  o 
macroinfauna  and  fisheries  resource  populations.  Ihe  relatively  sessile 
benthic  population  displayed  more  sensitivity  to  the  area-' 'mi ted  perturbation 
of  thin-layer  disposal  in  terms  of  a  reduction  in  the  abundance  of  scsne  of  the 
major  taxa,  total  number  of  organisms,  nunber  of  species  and  in  total  bionvi'es. . 
Ihis  impact  was  tenporary  and  within  20  weeks  after  the  material  disposal  Uie 
macroinfauna  oc*nmunity  had  recovered  so  that  the  impacted  area  was  no  longer 
distinct  from  the  surrounding  reference  and  fringe  areas. 

Ih_is  report  has  answered  several  questions  concerning  the  disposal  of  dredged 
material  using  the  "thin-layer"  methodology.  Based  on  the  bathymetry  portion 
of  this  study,  we  determined  that  the  operation  was  successful  in  ctotaining  a 
"thin-layer"  of  dredged  materials  to  a  ncmvinal  6-12  inches  of  overburden.  The 
areal  extent  of  the  overburden  was  directly  measured.  Direct  changes  in 
sediment  and  benthic  oonmunity  characteristics  were  cbserved  following  dredged 
material  disposal.  Within  20  weeks  post-disposal,  the  benthic  community  had 
returned  to  levels  observed  during  the  predisposal  sairpling.  Direct 
observation  of  the  dredged  material  was  noted  52-weeks  following  disposal  but 
only  in  a  small  portion  of  the  disposal  area  and  the  materials  had  been 
extensively  "weathered"  by  physical  and  biological  reworking.  No  changes  were 
observed  to  have  taken  place  in  the  utilization  of  the  area  by  fisheries 
resources. 
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